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Attach each of the following as separate attachments to the application: 
1. General facility description 6. Contingency plan 11. Closure/post-closure plans 2. Chemical & physical analysis 7. Preparedness/prevention 12. Cost estimates 3. Waste analysis plan 8. Traffic information 13. Liability mechanism 4. Security procedures 9. Location information 14. Financial assurance 5. Inspection schedule 10. Training program 15. Topographic map 

Attach for all applications: Attach for operating license arplicatiors only: 
1. Hydr·og eo 1 cigTca 1 report 1. For new facilities, ·construction certification 2. Environmental assessment 2. Capability .certification/ccmpliance schedule 3. Environmental monitoring program 
4. Engineering plans 

3. Proof of other'permits or licenses 
4. Restrictive cBvenant (landfills orily) 

Attach the required technical information for each of the follmling: 
1. Containers 
2. Tanks 
3. Incineration or thermal treatment 

5. Surface impoundments 
6. Waste piles 
7. Landfills 4. Treatment 8. Land treatment 

PAGE40FS CONTINUE ON PAGi:. 
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(3) ~he petition should inc~ude a copy of the 
air monitoring ?lan and the surface water 
drainage and sediment monitoring plan that 
will be implemented under the RCRA permit. 
These sho11ld include the background values 
that the monitoring results will be compared 
to. Also, the submittals should indicate 
what actions will be taken if background 
values are exceeded. 

(4) The petition should address in detail the 
elements of design and operation that will 
eliminate migration of hazardous 
constituents into air and surface water. 
Because the no-migration standard must also 
be met after post-closure, the discussion 
should also give consideration to worst-case 
events after the post-closure period that 
could expose hazardous constituents to the 
environment. For example, what elements of 
design and operation will ensure that 
long-term erosion of the final cover will 
not expose fine particulate waste to wind 
dispersal and precipitation runoff? What 
would prevent leachate accumulation from 
entering surface water drains after 
post-closure, assuming failure of the cover 
system? Some aspects of long-term 
prediction of landfill performance may be 
addressed through model simulation. 

(5) The petition should include a description of 
the final cover construction, and 
maintenance practices during post-closure. 

(6) The petition should include a discussion of 
potential future land-use changes, and 
changes to ground-water pumping locations 
and rates, that could result in a 
modification to the hydrologic regime 
beneath the facility. The long-term effect 
of such changes on the upward vertical 
hydraulic gradient may be addressed through 
model simulation. 
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(7 ) The 9etition should address potential 
;-:1et e o co logical And cli.,natic changes that 
couid affec t wear of t~e cap or leachabilitt 
of the waste. The discussi on should also 
address any solubilizing effect of acid 
rain. 

A quality assurance/quality control pl an should accompany 
any sampling, analysis, or modelling work undertaken in response to the sugges ti ons made in this letter . 

It should be remembered that no migration of hazardous 
constituents 11 for as long as the waste remains hazardous 11 is a 
very stringent standard. This is particular l y true for toxic 
metal constituents which will remain toxic indefinitely. In 
order for EPA to consider granting a waiver pursuant t o 40 CFR 
268.6, your petitio n must provide an extensi ve demo nstration 
that Cell #2 will meet the no-migration standard. 

If we may be of further assistance, please call Amy Mills 
of my staff at (202) 382-4422. 

cc: Amy Mills 
Carol Witt, Region V v' 
Ken Burda, MDNR 

Sincerely, 

/L ~~ ~~Jt::_ 
~:::~eth Cotsworth, Act1ng Ch1ef 
Assistance Branch 





fEB 111988 

Subject: For! J',llcn P?.r~ f;lr:ly 'line Land Ban 
liD £'10 jf:;J 711 

Fro 1: Carol 'fitt , !1enlogist 
Region V, RPt:, '1ic~i ~lMl 

Tn : flJny .ill s , ~"l(:o l o~;ist 
t!carlauartcrs, Ass i st&nc·~ ranc 1 

... 

• 5~15-JCK-B 

-fun Petition 

This tre·no is in response to ;·our F~hru 1ry t;., 1J3B request fer f•wtltc:r 
fil~ infor:llation on ti1e al.love r t')ferenceJ. f'ucility . Follm1ing i~..e .. tific!; 
t!1e it~r:s v.fhich you rcqucst~d , a11cl the availability of ti;e d<ltn . 

Attachr.~ent I is tile '!~Ste.f\1'\alysi s rllan t:1at 1;111 bL incorpora~c;d 

into the draft permit . hlso Rnclosel is a jraft of co~Jitions s~t 
under the Fed~ra l )(' r ."'li t . Pl nas,. be a1;are that tl.~ ti chi gan Depart !e tt 
of :·atural Resources ( 1DNR) is a.ut:hori zed to rtpprove thP. phn, 
exccr>t for Lnnd "an C01ldit1~ns . The f1[l:iR sr:a~.· ulsc hr.ve ;i0!1e r1odifi 
cetions to the draft p.r'l'j1it c:~p.v 1rnder 1id,i Ja,, Act G4 ( 1I J\ct 64) . 
'r. Pc t~ l~uackenllush of thP ,:Jf!l'l . is the rcn:i t writer 1ss i :;nF!d to 

this site . Pete can ')e reacher~ nt (~17) ~73-2730 , for furtlu;r 
assistance. 

!~ . lt1fornation concerninq c~ny pa.:;t conoli"l.lce ilro~l~·~!: lith enviro, ·~ntal 
Sl1nlfiCe'1C~ . 

I have ~el~rr:!1c-! ti·,rrugh the ::c(.eral co, i,1 l i: nc~ rcc:orJs . TI1c only 
i<:~S ' lC of sor•e enviroll!'P~nti11 signifi ·ance nccurr· d ·in l~)f;G , \·1'1·2n 

leac'lat; levels i n Cell 1 ~·erP in eX"1?edi'\nce of t'te required six i.tr.hes . 
Trn 1 each at~ \-las ;JU'"T!Of"1 .Jut an·! the faci 11 ty ;las brought :>ack into 
cor:J~liJnc.:~ . Therr- is no 'l i nir!U, technolor:l type uf lc1c'trtt~ collection 
systE!: 1 in C01l 1. .r. Larry f\uP,IIcl!o:-1 of t;1C r")U dist rict Jffice , 
is the inspector for t'1is sit~. !i~ r1ny be l~cach~j at {J13) f.G9- 91CU, 
for further c0:1pliance .. ssisti"'lCC . 
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3. A summary of 1 nteri m status moni tori nq irmn the ?art t;. 

Attachment II pro vi des you \!i th a 11 the i nterin. s t:atus -:toni tori ng data 
frau the Part A, this jata i ncl u<.lcs tile sa:ne i nforr.v~ti on that is in 
the Part U, plus cnrrespondance lett~rs. I coulJ not find an approval 
1 etter for the 265 nrmitori ng \tai ver. There are no records in our 
enforcer.cnt files that a n~E v•as Cllr,Jpl etcd fnr th1 s site. The ground 
Hater cr!rtification \las sutnitted , if you need a corw ~)lease let me know . 

:l . The appr ovo1 nro1m~ '"t"r 1onitorinr: !:Yst .. ' in the draft per lit. 

The r:m;R is currently Hritin:J tire conditions fer tht:! draft per·ni t . The 
State fs authorize~ for this portion of the program. l'~? do not lrlVe a 
copy of .their comlitions yf.l: . Pl ase contact '-'r:. Terry ·cl""il of the 
:DHR, the geol ogi~~ for this , at (517) 373-2730 for further assistance. 

s. Inforfi1ation on l:lnJfill li.1er 1 atcr i als and installation procedur es . 

Attacll;n~nt III r) r ovidcs tn~ C nstr!.!ction QA/QC Plan l'or .. aster Cell II. 
Ford hn!j d~ci ded to create subcell!J i.1 the rtain cell, so the final 
engi ncn r-inq plans ur(l c!vmginc . f1s soon as ! f i nis!. t!lf! r!raft per ti t 
conditions in the next t\'JO \-Je~!~s , I \1ill !>Cnct youth(? co:tlt'} l ete "1es1::~n 
pi!d:uoe . 

G. Fi e l d data verifying a rtes i an cundi tions i•• th: underlvinu strata. 

7 .• 

I flllVe no diltil i n ·~ile file:; besides tht~ h:wt -: and Part A inforr.lation 
I a·· scnQing 'OU . The 'n"~ 1 a.v have data in th~ir files . Either 
Pet~ or 1r·rry WOIJ1 .... ht:! n')le to i1elp .vou Gi! that; fcrc.l my have sonc 
dc1i:<:l that our file:; doP ' t inclu1c . You a·· 1ant to contact thet'J tc 
h<wc 1t t'~ady \1!1GP you vi c;it th ·· site . 

I 

• I 

. ,. nit~r'ittn Progrv.m 
IL ••••.· ""-• vl • ~ ._..,.~ .... 1-1, , r.} .~Ot.f e 

- t... T I.S . -it ~ .15 
'ir • · J i 1 t • 

~ ·t H~.l. ~H. 1 · •Jtovid .s ·':'ln ii r ·,tvi 1 on1cnta 1 '7oni ,:orin PtOGI'<u1. C1 car
1 

•mt ~r ., s usGd fo t· dust s 1 1pr~s$ ion ut the .s i ·.c . 

flttL«c·J-ent If includes t:~e la~i: "art G t 1otic~ of Juricicncy let-:;cr fro 
th · tu ~" • 'dlu ·tr1e response 1~ttcr fro 1 .;uge Steel. lso encloseJ is 
ti~e f:H.:ilit·, !)e!;crip~icn ·:1·o th~ P~r':" 

..,.. • 
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.. 
l'e are expecting to public notice the dr~Ft Rcrr pt:!rr.Jit by the end of 
.tarch . I l·lill nake ~ure that you get a copy at that time. If you .1ecrl 
any further assistance please feel freA to cell me at FTS CBo- 6146. 

cc: "ich Trauh, PED 
:-1 i nbeth Cotsqorth, l:~lqs. 

t 

I 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

4 1988 
OFFICE OF 

SOLID WASTE AND EMERGENCY RESPONSE 

MEMORANDUM 

SUBJECT: Ford Allen Park Clay Mine No-Migration Petition 

FROM: Amy Mills, Geologist ~~~~~~ 

TO: 

Assistance Branch (WH-~6~ ~ 

Richard Traub, Chief 
Michigan Section 
EPA Region V 

I 

As we discussed, Headquarters has received a no-migration 
petition from the subject facility. I have been delegated 
responsibility for preparing a response for the Assistant 
Administrator. In reviewing the petition, I have identified 
several areas where additional information from the Region's 
permitting and compliance files on this facility would be 
helpful. I have supplied a copy of the petition to Carol Witt 
of your staff, and discussed some of the information gaps with 
her. She has agreed to send me copies of the following items 
from the Region's files: 

o waste analysis plan for all wastes to be placed in 
Cell #2. 

o Information concerning any past compliance problems with 
environmental significance. 

o A summary of interim status monitoring from the Part B. 

o The approved ground water monitoring system in the draft 
permit. 

I would also appreciate copies of: 

o Information on landfill liner materials and installation 
procedures. 



o Field data verifying artesian condit i ons in the 
underlying strata. 

• o Information on surface drainage from the facility (i.e., 
surface water exposure routes). 

o Information on airborne particulate control (i.e., a i r 
exposure routes) . 

o Any other information from the permit or compliance files 
that you believe would be pertinent to making a 
determination on this petition. 

To the extent that these materials are used in making the 
determination on this petition, they will beucome part of the 
Agency's docket supporting the Federal Register notice. 

Thank you for your cooperation. I plan to communicate 
frequently with Carol Witt during the course of the petition 
review, and I welcome any input either of you may have. 

cc: Elizabeth Cotsworth 
Carol Witt, Region V 
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Ford Motor Company 

Mr. Lee Thomas, Administrator 
u.s. Environmental Protecti on Agency 
Headquarters 
401 M Street 
Southwest Washington D. c. 

20460 

~~8fEDW[t) 

JAN 2 5 1988 

U. S. EPA, REGION V 
SWB- PIs 

300 1 Miller Road 
Dearborn, Michigan 48121 

December 1 8 , 1 987 ' 

. .3 

l . 
Subject: Petition for Exemption (Land Ban-K061) 

vl"'l 
I I .•• f l ... ION v 

Ford Allen Park Clay Mine Landfill 
MID #980 568 711 

Ford Motor Company hereby submits a petition, pursuant 1:o 40 CFR 
268.6, seeking an exemption from a prohibition for disposal of a 
restricted hazar.dou$ .. waste., . .... at>eG.it,.ip~lly,, K0.9.1 .. -~ Electric Ar c 
Furnace Baghouse Dus:t :; _).ILa~~ _ cct~~ .. i:_i un~\: 10.cat.eC;L.a}: th~,;. E'<;l:r::d -:-;:-::>"":'--:·-y·-~~ 
Allen Par k Clay Mine Lai.nQ.Jil,l • . ·w.~ ... beJ.i~te- t he.· unique · · · ·· ··= _ .: >~c;·. , ·_ .·:i · 
hydrog~ological condi ti;O.O:~ e f. ... .t.he· - ~:L}~~· d~_ons...t.rate to a :: .. ·.('tf~;; ,J: .. \-·-.; 
r easonable degree. of- q~rf.&.:ints . -~ha~:.;.: tn~re _.>·til,a:- be ·no ·'lligra .in · ~ - :-'->~ .:-~;1, - : ~:;·~· 
from the- disposal u·nit b:'i'+ ·tn.e:· haza r dous -waste o:c·:;'i t r s ·:- h.aza.rdous· ~-.··· ~:-,_ . -I-t"-·.':"~ 
constituents . - ~~ 

. ~ . ~· . ' ' -~~- .. ~ ~ :·~;~ --~ . . .... ~ . . 
Please review t his .. peti ti.on· a.'nd . prqvi:de .. your . ·comme nts .to th.is . .. .._.,.,:'.> 
office at your . earlie·st c~onvenienc!e· •.. Sj~oUld( .. _:yo~ h~~;v.e' a ny -.. · ·. ~ .'·~ .. _. -:~:.p;-1 ,.,., . ..: 

questions I ple a'se call Mi": r5avid Miller at C-31;3 )·· 3.2'2.•0700 ~ '. ~~~>::.~.c.;?~ )•'. ·:'r"' 

Encl. 

cc: suzanne Rudsinski.;;. f.::~P~.A ·. · 
St e phen Weil- E. P :'A·;• 

:: .: • _L_,.,.~ ~· 

. - :•.::~· . ·.:>~; . ·-~. . ,; 

-: ... : : .. : .:..... _., . 
..... .....!: .!' 
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Cell II is bounded on three sides by non-hazardous disposal cells 
and the fourth side is adjacent to the hazardous waste disposal 
Cell I. Cell I utilizes the natural insitu clay deposit coupled 
with the upward hydraulic gradient of the artesian bedrock 
aquifer as its liner system. The Engineering Drawings dated June 
12, 1987 provided in this Section depict the relationship of the 
unit to the surrounding environment. 
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Ford M:ltor Com;sany 

Allen Park Clayr Mine La.nd.f'ill 

E.P.A. I.D. No. MID 9805687ll 

Demonstration for Exemption of Subpart F Requirements 
Under 4o CFR 264.90 (b) (4) 

Attachment 15 

Demonstration is hereby made to waive certain groundwater monitoring requirements 
as provided for under 4o CFR 264.90 (b) ( 4) of the RCRA rules, based on the favor
able site geology to the aforementioned rules. Specifically, the requested ex
emption includes all sampling of the artesian aquifer immediately below the in
situ saturated clay liner. 

Site Description 

Depositional Environment: 

The site hydrology is governed by the last glacial period in which the Huron
Erie ice lobe occupied southeast Michigan as shown on Exhibit A. When the ice 
lobe retreated, a preglacial J.a.ke (Lake Maumee) formed, as shown on Exhibits B 
and c. The site vicinity is located at least 16 miles from the shores of this 
lake. The clay sediments deposited in the site vicinity reflect this low energy 
depositional environment. The lacustrine clay is generally 80-120 feet in thick
ness and has become an effective aquiclude since the recession of the lake. The 
recharge area for the underlying aquifer is the moraine and outwash complex to 
the northwest and the underlying Devonian carbonate formations. 

Artesian Aquifer: 

The confined aquifer is located approximately 70 feet below the existing grade 
at the Allen Park site and varies in thickness from one to six feet. It exerts 
an upward hydrostatic pressure on the clay aquiclude equivalent to 80 feet of head. 
This hydraulic gradient in the upward direction is a counteracting force against 
those of leachate migration (drag coupling effect and chemica-osmotic diffusion). 
Under these conditions, there is no potential for migration of liquid from the 
regulated unit to the uppermost aquifer during the active life of the regulated 
unit and the post-closure care period. Refer to Exhibit D for a full discussion 
on leachate migration at the facility. 

Subsurface Soil Conditions: 

The uniformity of the clay sediments in the Detroit area (Erie-St. Clair Plain) 
has been documented by the numerous soils exploration and foundation engineeri.'lg 
studies required for all of the building and construction projects in the vici.'lity. 

TO be site specific, the following documentation has been established: 

1) Clay mining operations, excavating clay for the manufacture of cement, have 
encountered more than lj.5 feet of uniform material over the entire site. 

2) Seismic work on the cell bottom indicates that the bedrock is between 5"i ''-'·: 
70 feet below the cell bottom with uniform material to that depth. Rer'e~ 
to Exhibit E. 





3) 

• 
... 2 .... 

Soil samples taken from the five most recent borings indicate the clays 
are saturated to the surface frcu:n the artesian aquifer. Re'rer to Exhibit 
F. 

4) Soil tests performed (grain size analysis, atterberg limits and permeability) 
on the clay provided more than adequate uniformity. Refer to Exhibit G. 

5) The l2 deep borings indicate uniform soil conditions. Ref~r to Exhibit H. 

6) The deep monitor wells into the artesian aquifer 
elevations that are consistent with the regional 
ground surface is below the piezometric surface. 

provide piezometric surface 
data which conclude that 
Refer to Exhibit H. 

7) Additional studies, maps, and tests relating to subsurface conditions at the 
site indicate that subsurface clay is in excess of 25 feet g~ick with a 
permeability coefficient which is no greater than 6.0 x 10- em/sec. In 
addition, the underlying artesian aquifer exerts hydrostatic pressure in an 
upward direction which precludes the possibility of leakage from the cell 
into the liner during the active life of the disposal facility. Refer to 
Exhibit H. 

8) Additional geological information is provided by W. H. Sherzer, "Geological 
Report on Wayne County", Publication 17, Geological Series 9, 1913. 

Summary: 

Under the conditions stated in this demonstration, there is no potential for 
migration of liquid from the regulated unit to the uppermost aquifer during the 
active life of the regulated unit and the post-closure care period. The monitoring 
of water quality in the artesian aquifer cannot possibly detect leachate migration 
from the overlying disposal site. Accordingly, it is therefore believed that the 
Allen Park Clay Mine Landfill ~alifies for the groundwater monitoring waiver set 
forth under the applicable regulations. 

Prepared by: D9.vid S. Miller, Geologist 
Mining Properties Department 
Rouge Steel Company 
(University of Michigan B.S. 1977) 
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by 
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Professor of Civil Engineering 

The University of Michigan 

• 

Ann Arbor, Michigan 

July 1983 
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SUMMARY 

The possibility of leachate migration downward from the Allen Park Clay Mine/Landfill and contamination of an aquifer beneath were evaluated. 

Analyses show that density differences between the leachate and groundwater will not cause a downward migration nor will they lead to a diffusion efflux from the site. A thick, uniform layer of silty clay beneath the site coupled with an upward hydraulic gradient effectively precludes the latter. 
Comparison with r~sults of salt water intrusion studies across clay aquitards having similar properties as the clay beneath the Allen Park site show that the solute (salt) will take at least 800 years to migrate across a clay barrier 30 feet thick under chemico-osmotic diffusion alone. A counter (or upward) hydraulic gradient will lengthen this breakthrough time even further. 

There are insufficient amounts of organic compounds in the waste to affect the permeability of the clay. The probability of accelerated leachate migration through the underlying clay is not supportea by the composition of the wastes and the nature of the clay nor by the findings of leachate permeability studies reported in the technical literature. 

Under these circumstances any observed increases in contaminant levels of monitor wells in the aquifer underlying the site could more reasonably come from sources laterally upgradient from the site rather than the clay mine/landfill above the site. · • 
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CONTAINMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL 

I. INTRODUCTION 

The Ford Motor Company who operate the Allen Park Clay Mine/Landfill have recently petitioned to discontinue ground water monitoring of an aquifer located approximately 70 feet below existing grade at the site. The landfill is underlain by dense, lacustrine clay which behaves as an aquiclude or aquitard. At least 25 feet or more of residual clay thickness separates the bottom of the landfill from the underlying aquifer. The aquifer is under artesian pressure and exerts an upward hydrostatic pressure on the base of the clay aquitard equivalent to 80 feet of head. A general cross section or profile illustating these soil and hydrologic conditicns at the site is shown in Figure 1. 

Applicant maintains in his petition for discontinuance (EPA I.D. No. MIT 980568711) that monitoring is not necessary at the site because of a) the dense, uniform clay underlying the site which has a hydraulic permeability no greater than 6 x 10-.cm/sec and b) the artesian pressure in the underlying aquifer which results in an upward hydraulic gradient across the overlying clay aquitard. Applicant claims that these • site conditions will preclude the possibility of leachate migrating downwards out of the landfill and eventually contaminating the aquifer. 

In response to this·petition, the Wayne County Department of Public Health has raised several questions and concerns (letter form R.N. Ratz, Public Health Engineer, to B. Trethewey, Mining Properties Department, Ford Motor Company, 28 April 1983). The following concerns were raised in the letter: 
l. The petition/report fails to address the possibility of leachate migrating down due to differences in densities of the leachate and groundwa~r. 
2. The petition/report does not indicate if there are any organic constituents in the leachate that may increase the clay's permeability and permit downward movement. 

The purpose of the present report is to respond to the above stated concerns. Additional information about the geohydrology of the site, about past containment/migration studies, and about the likely nature of the leachate and its effect on clay permeability are evaluated herein to determine the danger of landfill leachate migrating downwards from the site and reaching the underly~g aquifer. 
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II. THE INFLUENCE OF PER.'IEANT DENSITY ON LEACHATE MIGRATIO!l 
ACROSS CLAY BARRIERS 

A. GENERAL 

Permeant density plays a direct and indirect role in flow 
phenomena in porous media. Permeant density can affect solvent 
or solution flow rates via its influence on hydraulic conducti
vity. This influence can be calculated and shown to be minor or 
insignificant compared to the more likely and important influence 
of permeant density on solute diffusion. 

A newly introduced permeant with a high concentration of 
dissolved material (e.g., a leachate) will also have a higher 
density. This high concentration in turn will cause the solute 
to diffuse through a porous medium to regions of lower concentra
tion. It is this manifestation or aspect of a density increase 
in the permeant that requires careful scrutiny and analysis. In 
other words, the role and influence of permeant density are 
more important to solute diffusion under concentration gradients 
as opposed to solvent (or solution) convection under hydraulic 
gradients. · 

The analyses that follow are offered in support of these 
claims. 

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PER.~ABILITY 

Both the viscosity ~nd unit weight of a permeant can influence 
the permeability of a soil to a particular permeant. The hydraulic 
conductivity is defined in this case as a flow velocity under 
a unit hydraulic gradient (the usual practice in civil engineering). 
The influence of permeant density and viscosity can be ascertained 
explicitly by defining another permeability, i.e., the •intrinsic• 
or •absolute" permeability · 

where: k = hydraulic conductivity, em/sec 
K • intrinsic or absolute permeability,.cm~ 
~ = permeant density or unit weight, dynes/cm3 
)l = permeant viscosity, poise 

(l) 

The intrinsic permeability(K) is a property only of the 
solids or matrix through which the permeant passes. Accordingly, 
for a particular soil (i.e., given grain size distribution and 
soil structure) and in the absence of permeant-soil reactions, 
K .should be a constant. The influence of a variation in visco
sity and density of the permeant on the hydraulic conductivity 
can be determined from this fact and from a relationship derived 
from Equation 1, viz., 
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where: 

3 

subscript 1 - initial conditions (grnd water) 
subscript 2 - final conditions (leachate) 

( 2) 

An increase in density of the permeant will apparently cause a higher permeability. But, this same increase in density can also result in an increase in viscosity which will reduce the permeability. Both influences together will tend to offset one another, and it is unlikely that a density increase in the permeant (leachate) will significantly affect hydraulic conductivity. Furthermore, even if viscous retardation is discounted, density increases are highly unlikely to significantly increase permeability in actual practice as the following example will show. 

Assume the ground above an aquitard or clay barrier is flooded with a fairly concentrated brine solution, namely sea water. The density of sea water (with a TDS of 36,000 ppm) is 1.036 gm/cc at 4° C vs. the density of the present interstitial water (with an average TDS of 1550 ppm) which is 1.002 grn/cc. This leads·to a density ratio of 1.034 which is equivalent to only a 3.4 per cent increase in hydraulic conductivity (discounting viscous retardation). Therefore, density has little effect on hydraulic conductivity despite the almost.20 fold increase in dissolved solids concentration. It is the , influence of the latter change, i.e., the increase in dissolved · solids concentration, that requires careful analysis in evaluating the effectiveness of a clay barrier in containing leachate migration in this case. · 

C. INFLUENCE OF PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION 

1 • Background 

Dissolved solids or solutes in a permeant can be transported through soils under both hydraulic and concentration gradients. The former is referred to as •drag coupling" and the latter as •chemico-osmotic diffusion." Both types of movement should be considered when evaluating the effectiveness of a clay barrier for preventing leachate migration. 

Chemico-osmotic effects in fine grained soils have been examined in some detail by Olsen (1969) and Mitchell et al.(l973). The importance of chemico-osmotic diffusion Increases in fine grained soils wilth low hydraulic conductivities. Studies commissioned by the State of California(l971) on salt intrusion problems in aquifer-aquitard systems have shown that as aquitards become clay rich and theil permeabilities fall to levels on the order of .002 gpd/ft or 1o·T em/sec, the migration of solutes will be controlled by chemicoosmotic diffusion. 
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2. Flow of Solute under Combined Hvdr. and Chern. Gradients 

Equations can be derived which describe the flows 
of solute and solution in the pores of a sediment. The 
derivation of these equations and assumptions on which 
they are based are given by Mitchell et al.(l973). The 
one-dimensional, vertical, steady state Irux of solute 
across a clay aquitard under a combined salt concentra
tion(chemical) gradient and hydraulic gradient is given 
by the following relationship! 

JS "' [(r_n.R)Cskch + ~Jc~,.] ah/~z + [ D + CSk~"] a~/az (3) 

wherer ~ = salt flux across an aquitard, moles/sec/em~ 
a~z = hydraulic gradient (dimensionless) 

<lc:s/az = solute concentration gradient, moles/c::m4 
D = diffusion constant, cmL/sec 
R = gas constant, ergs/mole/ex 
r ... = density of water, dynes/cc 
T = absolute temperature, °K 

c~ = average salt concentration, moles/cc 
kh = hydraulic conductivity, c::m/sec 

keh = chemico-osmotic coupling coefficient, 
c::m5/mole/sec 

Relative contributions to the salt or solute flux 
can be calculated from Equation 3. Movement of solute 
can occur by diffusion whether a hydraulic gradient is 
present or not. A superposed hydraulic gradient may re
tard or accelerate movement of solute depending on: 

a) Relative magnitude and direction of the hydraulic 
and solute concentration gradients. 

b) Values of the hydraulic conductivity and chemico
osmotic coupling coefficient. 

Equation 3 only yields the steady state flux of solute 
under combined hydraulic and chemical.gradients. Equations 
can also be derived that give the initial'or time dependent 
solute fluxes and the time required for •breakthrough" or 
first appearance of increased solute concentration on the 
downstream side of the aquitard. This initial, non-steady 
state process is quite complicated. Examples have been 
worked out for aquitards of different thicknesses and compo
sition by Mitchell~ !1.(1973). 

One of the most important findings of these studies 
on salt flux across clay aquitards was the importance of 
aquitard thickness on breakthrough time. Because the ini
tial movement is non-steady, the breakthrough time increases 
with the square of the thickness of the aquitard. Theore
tical studies of salt water intrusion across aquitards 
(State of California, 1971) have shown that salt ions will 
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take up to 800 years to migrate across an aquitard 30 feet 
thick under chemico-osmotic diffusion alone. If the thick
ness is reduced to 10 feet, the breakthrough time decreases 
to Only 80 years. The presence Of an hydraulic gradient 
could either accelerate or retard this time depending on 
the relative magnitude and direction of this gradient and 
other factors cited previously (see Figure 3). 

3. Likelihood of Solute Efflux Through Clay at Allen Park Site 

Solutes will tend to migrate or diffuse downward from 
the landfill along a concentration gradient. On the other 
hand, this movement can be impeded or even arrested by 
the upward hydraulic gradient as a result of artesian 
pressure in the underlying aquifer. Static water levels 
in monitor wells around the landfill show that the piezo
metric surface is almost 10 feet above existing grade or 
ground surface elevation at the site (see Table 1). The 
net, steady state flux of solute, if any, can be deter
mined under these conditions from the solute flow equation 
cited previously (Equation 3). 

It is also pertinent to examine the results of a 
similar type of study commissioned by the State of 
California (1971). The latter study was designed to 
determine salt efflux rates and breakthrough times in'an · 
aquitard-aquifer system in the coastal ground water 
basin near Oxnard, California (see Figure 2). The 
problem posed in the California study was basically the 
same as the pre-sent one1 namely, given a sudden 
increase in dissolved solids or solute concentration 
atop a clay barrier (or aquitard) how long before the 
salt migrated downward and reached an underlying aquifer 
and at what rates of efflux? The problem was compounded 
in the California example as a result of drawdown of the 
piezometric surface in the underlying aquifer which also 
caused a downward hydraulic gradient. 

The two aquitards are quite simiiar rn their 
important respects. Both are approximately the same 
thickness, have the same initial dissolved solids concen
tration, and are composed of clayey sediments with low 
hydraulic conductivities. The salient eharateristics 
and parameters of these two aquitards are summarized 
and compared in Table 2. The main difference appears 
to be in their respective hydraulic conductivities-
the Allen Park clay is an order-of-magnitude lower. 

A dissolved solids concentration equal to that of 
sea water vas assumed in the leachate overlying the Allen 
Park clay. Sea water is a good •worst ease• choice because 
sodium ions have high diffusion mobilities and are not 
preferentially adsorbed on clay exchange sites as heavy 





Well 
Nu~ 

2 

5 

7 

10 

'.,I W-101 
i 
I I W-102 

W-103 

W-104 
·, 

· W-105 

(I) Well 

( 2) Data 

TARLE 1. ALLEN PARK CLAY MINE 

~IONITOR WELL - ~lATER lEVEL READINGS 

Well Elevatlon(l) 
Ground Water(2) 

Ground Elevation 
Elevation, ft._ USGS 11-4-81 6 

595.1 600.76 600.67 -';./, 

595.7 605.92 605.09 
q.+ 

594.1 597.35 591.01 
- 3. I 

593.4 603.03 601.81 9.4-

593.9 601.4 7 601.21 '7.3 

591.3 600.81 603.22( 4 ) II. c\ 

593.9 61)5.06 603.52 q." 

594.1 603.82 603.81 'l.C,. 

594.5 604.08 603.86 q.~ 
- --···· 

Elevation Is recorded as top of standpipe. l:>. "'' ., s . a. 

Recorded by Michigan Testing Engln~ers, Inc. 

(J) Data obtained from Mlchlgan Depat·tment of Natural Resources. 

( 4) Well e~tended temporarily to obtain 1\"ater level. 

• 
n • 

Ground Water( 3) 
ii 
~ 
7 .. 

Elevation .. .. Ground Water( 3) 
Elevation 

3-26-81 .. 
• 5-29-81 .. 

600.21 
.. • .. 600.44 
7 

604.119 
A 
A • 604.62 .. 

5911. H • " 
593.23 

601.93 601.56 

TABLE I 
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TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE P~XTERS 

AQUITARD PROPERTY 
OR SITE PARAMETER 

Composition 

Thickness, ft 

Ave. Water Content, % 

Ave. Liquid Limit, % 

Ave. Hydraulic Conduct, em/sec 

Hydraulic Gradient 

Initial (interstitial) 
Pore Water Solute Cone, ppm 

Final Solute Cone, ppm 

Chemico-Osmotic Coupling 
Coefficient, cm5/mole/s~c 

OXNARD 
CALIFORNIA 

clayey silt & 
silty clays 

30 

24 

31 
_., 

l X 10 

0.33 - 1.0 
(downward) 

1800 

36,000 

-4 
6.2 X 10 
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ALLEN PARK 
MICHIGAN 

silty clay 

25 - 35 

20 

28 
-8 

2.6 X 10 

2.7 
(upward) 

1550 

36,0dO 
{assumed) 

-4 
6.2 X 10 
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Figure 2. Generalized cross-section of multiple aquifer in a 
coastal basin. Salt flux across aquitard can occur as 

result of either salt water intrusion into aquifer (1,2) 

or salt watsr entering directly above aquitard in shallow 

coastal waters or marinas (3,4), or from salt contamina
tion in near surface, perched aquifer (5). 
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Figure 3. Solute efflux across aquitard into underlying aquifer as 

a result of salt water intrusion in overlying aquifer. 

Aquitard i~30 feet thick and bas a hydraulic conducti

vity of 10· em/sec. Pumping from lower (~ugu) aquifer 

superposes a 0.33 downward gradient on system, 





metal ions would tend to be. The same che~ico-osmotic coupling coefficient used in the California aquitard was also ass~~ed applicable for the ~len Park clay. The value used is reasonable for the type of clay sediments present. 

Results of the California study are presented in Figure 3 which shows the salt influx into the underlying aquifer as a function of time. Curves are presented for a no drawdown and 10-foot drawdown case (assuming the hydraulic gradient acts in the same direction as the salt concentration gradient). The hor1zontal portion of the two curves represents the steady state salt flux. 

The main things to notice from this figure are the large breakthrough time (800 years) for the •no drawdown• case (i.e., in the absence of any hydraulic gradients) and the fact that in this aquitard the salt flux 
caused by drag coupling under a hydraulic gradient is larger. The steady state salt flux from the drag coupling under a combined 10-foot drawdown and salt concentration gradient is almost three times that from diffusion alone (no drawdown). Hence, in the event the hydraulic gradient was reversed, there would be no breakthrough and no downward salt flux provided the upward gradient exceeded about 0.2. In other words, under these conditions the two salt fluxes would be mutally opposed and exactly counterbalanced • 

• 
The relative contributions to steady state efflux in this example can be calculated with the aid of Equation 3. The following parameter values (taken from the study) were used in the calculat.ion: 

ah l•z 0111.tl.h /.ti.L = 10/30 = 0.33 

~c ~z 'IIIII {G; - <=s )/,t~.L = 0.57 x 10 = 0.62 x 10 moles/cm4 
II. • 914 

-.5 t.. D = 10 em /sec 

= (0.60 - 0.03)xl0 = 0.32 x 10 moles/~ 
2 

'1 . .. R = 8.32 x 10 ergs/mole/ K 

T = 300 °K 

r ... "' 103 dynes/cc _, 
ka, = 10 em/sec 

-"'" ~ k~n = 6.2 x 10 cm~/mole/sec 

Using these values the calculated contributions to steady state solute flux are respectively: 
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This flux is greater than 3X the chemico-osmotic flux 1 
and since it acts in the opposite direction, there will 
be no net downward flux o~ solute at the Allen Park site. 
The critical hydraulic gradient to maintain a zero net salt 
efflux is 0.8. This means that the groundwater table could 
rise to within 12 feet of present ground elevation (-595 ft) 
in the landfill and there would still be a sufficient upward 

hydraulic gradient (drag coupling effect) to completely 
counter solute efflux under chemico-osmotic diffusion (see 
summary below). 

Position of Ground 
Water Table in the 

Landfill 

At bottom 

12 feet from top 

At top 

Upward 
Hydraulic 
Gradient 

2.7 

0.8 

0.33 

Net, Steady State 
Solute Efflux Rate 
(moles/sec/ft~) 

-& -1.51 X 10 
(net influx) 

zero 
-& 

+0.32 X 10 

These calculations are based on the existence of a static 
or piezometric head in the underlying aquifer approximately 
9-10 feet above ground elevation (see Table 1). 

Assumption of worst case conditions, namely, a rise 
in the groundwater table in the landfill to ground surface 
elevation, leads to a small, steady state efflux rate from 
chemica-osmotic diffusion. This occurs because the 
resulting hydraulic gradient ( 0.33) is no longer large 
enough to completely oppose the chemico-osmotic salt flux. 
The breakthrough times, however, would be so immense 
(1000's of years) that the steady state flux under these 
conditions is largely irrelevant. 

It is important to note that the preceding calculations 
are also based on the following •worst case• assumptions: 

• 
1. A highly saline leachate with a concentration 

and composition equal to that of sea water. 

2. No interaction between the solute and clay. 

In actual practice, there would be some uptake and adsorp
tion of solutes on the clay. This adsorption vould 
attenuate or limit further solute concentrations in the 
leachate as it passed through the clay. 
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III. EFFECT OF LEACHATE CONSTITUENTS ON THE PERJ1EABILITY OF CLAY 

A. GENERAL BACKGROUND 

The possibility that leachate--either in the solvent or 
solute phase--might affect clay permeability and hence its 
containment integrity has been raised by a number of investiga
tors (Anderson and Brown, l981J Haxo, 19811 and Folkes, 1982). 
One of these studies has shown that concentrated organic liquids 
can increase clay permeability by several orders-of-magnitude 
(Anderson and Brown, 1981). 

All of these studies were conducted in the laboratory 
with simulated leachates from particular types of wastes and 
under particular testing conditions. The danger of blindly 
applying these test results to a field situation have been 
noted recently by Gray and Stoll (1983). It is essential to 
ask the following before the results of these lab tests can 
be applied to a given field situation: 

1. What was the nature of the leachate in the lab tests? 
What are the concentratlons of various constituents 
in the leachate in the field as opposed to the lab 
tests? How relevant are the lab test results in the 
light of potentially large differences in leachate 
composition (lab vs. field)? ' 

2. How did the leachate contact or interact with the clay 
in the lab tests? Was it forced through? If so, at 
what gradient? . Is there any prospect that the leachate 
will be able to penetrate/permeate through the clay 
containment in the field in like manner? In other words 
are the necessary gradients and other conditions present 
to permit this to happen? 

3. What was the failure or clay degradation process by 
which the a arent ermeabilit increase occured in 
the lab tests? Was lt by a dissqlution, b syneresis, 
c) piping? Could these mechanisms reasonably occur 
in the field given the type, water content, and density 
of the in-situ clay plus the nature and concentration 
of organic and inorganic compounds in the leachate? 

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE 

The types, composition, and relative amounts of wastes 
placed in the Type II Solid Waste Landfill at Allen Park are 
shown in Tables 3 and 4. The results of typical E.P.T leachate 
tests on these wastes are shown in Table 5. The likely nature 
and composition of the landfill leachate can be estimated from this 
information. This estimate is adequate for purposes of evaluating 
the probable effect of the leachate on clay permeability. 
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TABLE 3. ALL!~ PARX CLAY MINE - SOLID WASTE 
LANDFILL CONSTITUENTS I 

Blast Furr.ace ::!.lter Cake 

l!OFD.lst 

Electric· Furnace Dust 

eo8J. and Coke 

Coke OVen Dece.::::ter Tar Sludge 

Glass 

Wood Ash 

l!OFKish 

Wastewater Treatment Sludge 

. -

I 
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[r To•.lc 

'"'" Cari>on 
Ar~rnlc 

hrll'" 
Cadmium 
(~ l'"tJ01!1 u• 

I tud 1-' 
CD 11•.-.:ury VI 

' Srltnhn 
S ll•rr 
K.)ngan~~~ 

Zinc 
P~osp~orus 
~ul fur 
ea lc II•• 

"'"~·~ s "'" A I ""t "'-"' 
Silicon 
Pntus ht11 
SO'.! I L"' 
rluorloe 
Cyanl~f 
Ph~nol 
h•phth81~·~ 

TABLE 4. ALLEN PAR~ CLAY MINE WASTES, TYPICAL AS RECEIVED ANALYSES (mg/kgm), 

Drctnlrr Tank tlectrlt Arc Ohlt furn. r.'lr t1 ur Pint furn. roundry 
r lltrr Cokr Sond nor r.tsh Fly Alh !!.!.2' urlg!._ lurn, [hilt flur lluH Uu'i -··----- -·-·----- ---~ ·--.... -- --------- -----

llo T r< (ln, Ph. Cc!) Ho ~n llo llo llo tu,.rot 

..... J50,000 122,000 560,000 150,000 1 .~oo 490,000 :M ,500 .......... •1, 700 520,000 7,~00 CO.I,OOO 6,600 240,000 194,000 ........ ~oil 19 . . 42 . z ?0 10 ... ...... ......... •I cl • I 20 cl cl . ..... ......... 95 cl 50 0 • I .. ... ........ ......... soo •I IJO 70 •I 60 .. ........ 
4 4.500 cl J,OOO JSO 44 •• ......... ... ....... ......... <. cl d c) •I cl .. ....... ........ 120 90 •I •• JS 70 ... ....... ...... r. <I •1 9 •I cl . ....... ......... 39,000 7. soo 10,000 4 ,SOD 79 2,800 .......... ......... •~o.ooo 120 21,000 400 40 194 ........... ....... 450 200 J9U ~00 400 170 .. ..... ....... 3,600 4 ,roo 1,600 4,000 200 nso 3,100 ......... 61,000 I~ ,000 2,(100 ?0,000 ~3 SilO 13,100 ......... II ,000 1, sen 9,600 JJ,OOO 100 J,POO 5,COO ........ 2,400 2,200 .z 3 ,70(1 •2 1,600 14 7 .zoo ......... 15,000 20,000 0,000 AJ,OOO 450,000 25,000 201,700 .......... 5,900 900 5,000 2,~0~ 110 640 9,700 ........ ~.t'OO 4~0 2,300 I,SO!l 390 630 3,700 ....... ~6 !0 n 4 cl 48 .......... 

14 cl cl •I J cl cl ......... 
1,8()0 cl cl <I J cl 2 ........ 

---- ............ .......... .......... 2,700 

' 

p 
llft'<' Du11' (.,f.,._ ftrrPif• ---- .. ;·-..-----

flo ,,,1 

. ........ ~.ooo 
... ........ 5~0.000 
... ....... J!i . ....... •I .. ........ •I .. ....... I 
... ...... (.~ 
... ....... ·I 

' ... ...... J 

... ...... !9 

... ......... 1~ .. ...... no .. ....... 9{1 
... ..... 1,)00 
71•. 700 )~\0 .. ...... ~00 ......... ·2 ........... <~.ooo 
.......... (~0 
........... t:~·O .. ....... ol .. ...... :1 .. ........ J 





TABLE 5, 1\I,LEII J'l\f!K GlJIY Mllll!: OOLID ~IA:-:TE:J 
1.'YPII~Ar. E,l' .'r. f,IW~IIA'l'g '1'1•::1T REillf.'r:J (~td1) 

liluo t Fm·toucc IJ)lo' 1-' 1u e IUuu t Jo'Ul'llucc Fountlry OOF 
f\1 romcte ,. ••Juc D1ot f) ltl t l•'Ilt!!t' Cake SRn•l Killh 

Arsenic 0,011 0,02 ( 0.1 0,0] 0,1 

Barium (0.8 ~o.o4 ( o.o (0.06 I. 0,8 

Cudmlum 0.01 0,0] < o.oo /.0.005 (0,005 

I Chromium L 0.1 I 0.05 /0,05 I. o. 1 ( 0.1 
I-' 
00 
0'\ 

l 0.2 I Lcud 1.7 1.'( ~ o.~ <o.2 

~lercury O,OOO'f l 0.01 ~ 0,2 (0.2 /.0.2 

Be 1 en hun 1.0 " 0. 01 ( o.:! . 0, HI O)t 

Silver I. 0.1 I. 0,01 (. O,Ol (0.1 .( 0,1 

.I 

Wllt:tcwu l.ct· 

Coke Tn.alnot. n t 
Dt·cczc nl u~l,:c 

l0.1 • Oltfl 

.(0.8 ·''5 
/.0.005 .005 

lO.l .10] 

4(0.2 .t~~ 

l0.2 ,Oil\)~ 

/.0.5 8
1)0:l 

I. 0.1 . ( " ,, . 

l:rnnpih I ny .' 'i' ·:, 
J;_.,·ch I, Jt.' > 

• 
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The data in Tables 3 and 4 indicate that 50 per cent of 
the solid waste consists of relatively inert fly ash and that 
some 89 per cent of the wastes consist of materials that do 
not contain significant amounts of heavy metals (Zn, Pb, Cd) 
or organics known or suspected to be toxic such phenol and 
naphthalene (see Table 4). The coke oven decanter tar sludge 
is a possible source of organics (phenol and napthalene), but 
this waste comprises only 0.6 per cent of the total stream in 
the Type II Solid Waste landfill. 

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY 
PERMEABILITY AT ALLEN PARK SITE 

Anderson and Brown (1981) found that several organic 
liquids, viz., aniline, acetone, ethylene glycol, heptane, 
and xylene, cause large increases in permeability of four com
pacted clay soils. Pure organic liquids were used in their 
study. One of the authors (Anderson, 1982) later emphasized 
that their results cannot be used to support claims that clay 
liners permeated by d1lute organic liquids may be susceptible 
to large permeability increases. 

Haxo (1981) reported results of up to 52 months of liner 
exposure to selected industrial wastes. He included several 
organic wastes, namely, aromatic oil, Oil pond 104, and a 
pesticide. The results of large permeameter tests on a compacted 
fine-grained soil and admixed materials are summarized in ' 
Table 6. Although a small amount of seepage passed through 
the compacted, fine-grained soil liner, no permeability increases 
were reported with any of the organic wastes. 

On the basis of the"se studies and with the caveats noted 
at the beginning of this section in mind, it is possible to 
evaluate the likely effect of the landfill leachate on clay 
permeability at the Allen Park site. 

1. Type II Solid Waste Landfill 

As noted previously the existing landfill contains 
small quantities of coke oven decanter tar sludge which 
is a possible source of organics (phenol and 
naphthalene), but this waste comprises only 0.6 per 
cent of the total. Phenol and naphthalene are present 
in the tar component of this waste in concentrations 
estimated by Desha (1946) of 0.1 and 2.2 per cent by 
weight respectively. Accordingly, the amount of phenol 
and naphthalene present in the total waste stream are 
.006 and .013 per cent by weight respectively. These 
amounts constitute a very low fraction and they suggest 
that leachate from the total waste stream will tend to 
have very low concentrations of phenol and napthalene. 
Therefore, the organics in the leachate from the Type 
II Solid Waste landfill are quite unlikely to affect 
clay permeability. 
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TA~LE 6. EFFECTS OF INDUSTRIAL WASTES ON SOIL AND ADUIX LINERS 
(from ~axo, 1981) 

Uner 
materiol 

c.....,._. 
ftne-1rolned soli 
JO,mmlhk:k 

Solleemenc 
IOOmm thklt 

Modlfted bentonite 
ond oand (2 typeo) 
127 mm lhlck 

Hydroullc asphalt 
COIICftl< 
6-lmmlhkk 

Sproy-on upholl 
ond fabric 
8mmthick 

Acldle waote 
(HNO,, HP, HOAC) 

NOitelled 

NO! tested 

NOiteoted 

·Foiled 

NO! tested 

•F,.,...doto pmeoled by Huo (1911). 
ts-u(trl. 
ts-11(6). 

Leod 
(low leod au 

washing) 

Oilywute 
Alkaline wolle 
(openl causllc) 

Meosuroble rote of seepose 
u, • lo-10 -lo-' m/s, waste 

penelroled J-$ em after 30 month• (a) 

Aromodc oil 

l•l.8 )( 10"10 

A•2.4>< ur•• 
A•2.6>< w- 10 

(lesll on soil 
after 30 months) 

Oil poncll04 

t 

No measuroble Hepoge after 30 montho 

Measurable ~tepage after JO months, ehannellln1 of waste 
Into bentonite (b) 

Sollsfoctory 

Satisfactory 

Waste !loins 
below liner 
asphalt mushy 

W1tte 111lns 
below liner 

Noc tested 

NO! tested 

Failed 
(waste ~tepoge 
thmu&h liner) 

Not!nled 

NOiteoled 

Peslidde 
(weed •meo) 

f 

* 

SotlsfKiory 

Satisfactory 
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2. Type I Hazardous Waste Landfill 

In the future the decanter tar sludge will be placed in a separate landfill that will be upgraded to accept hazardous wastes. This action will increase the relative proportion of organics (phenol and naphthalene) in the waste stream. Leachate tests run on p~re samples of decanter tar sludge using a distllled water extraction procedure (Calspan, 1977) have produced phenol concentrations of approximately 500 ppm. Even this concentration is far removed from the very high concentrations of organic solvents used by Anderson and Brown (1981) in their permeability tests on different clays. Accordingly, organics in the leachate f~om the Type I Hazardous Waste landfill are also unlikely to affect clay permeability. 

In summary: It does not appear likely nor reasonable that organics present in the wastes at the Allen Park Clay Mine/Landfill will cause a permeability increase given their low concentration and the absence of any substantiation in the published technical literature for such an increase under these conditions. 
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IV. CONCLUSIONS 

(1). There appears to be very little likelihood of leachate migrating downward from the Allen Park Clay Mine/Landfill and contaminating the aquifer beneath the clay. 
(2). A density difference between the leachate and groundwater will have little or no influence on hydraulic permeability or downward migration nor will it lead to diffusion efflux of solutes. A thick, uniform bed of silty clay beneath the site coupled with an upward hydraulic gradient precludes the latter. Calculations and analyses are provided herein to support this finding. 

(3). Comparison with results of salt water intrusion studies across clay aquitards having similar properties as the clay beneath the Allen Park Clay Mine site show that the solute (salt) will take at least BOO years to migrate across a clay barrier 30 feet thick under chemico-osmotic gradients alone. A counter (or upward) hydraulic gradient will increase this breakthrough time even more. 

(4). The waste and its leachate are unlikely to increase the permeability of the underlying clay. This claim is reasonable in view of the low concentrations of organics in the total, waste stream and in the light of the findings and caveats of permeability/exposure tests with organic permeants reported in the technical literature. This conclusion applies to both the existing Type II Solid Waste landfill and a proposed Type I Hazardous Waste ~andfill that will accept the coke oven decanter tar sludge. 

(5). The composition of the waste and underlying clay do not suggest properties or combination of properties that could lead to a containment failure caused by such processes as piping, acid/base dissolution, or syneresis. 

(6). Under these circumstances any observed inqrease in contaminant levels of monitor wells in the aquifer underlying the site could just as well come from other sources laterally upgradient from the site rather than from the clay mine/landfill above the site. 

(7). These findings and conclusions support the basis of applicant's petition for discontinuing further monitoring of the wells penetrating the aquifer beneath the site. 
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Co~<d 1< "" me'.ttl.,-. 11vrc.r.tt ,.,. y oF ~ 1'111( .. 

Mr. Mark Young 
Wayne Disposal.Company 

P.O. Box 5187 
Dearborn, MI 48128 

RE: Allen Park Clay Mine/Landfill 

Dear Mark: 

CLA /' _ _,....,,/LAN b. ;:-u .. <... 

1704 Morton Street 
Ann Arbor, Michigan 
48104 

f 

25 September 1983 

( ,. 

I recently wrote a computer program (*CLAYWALL*) that can be used to calculate solute transport across a clay barrier under combined diffusion and advection (hydraulic flow). The program computesthe exit/source conce~tration ratio (C/Co) as a function of elapsed time (t) on the downstream side of a clay wall or harrier of thickness (X). 

..... ~·· 

. :; .- .... 
The program was written with a clay slurry cut-off wall in mind, but is general enough that it can be used with any clay layer or harrier. The input parameters to the program are: 

z. n_ = efffective diffusion coefficient, ft /yr 
K = hydraulic permeability, ft/yr 
X = thickness of wall or barrier, ~ 

P = porosity 
I =hydraUlic gradient ••• (+) if same direction, 

(-) if opposite direction to solute concen
tration gradient 

t • elapsed time, yrs 

The program is based on the solution to the equation that describes one-dimensional solute transport in a saturated porous medium under both hydraulic and solute concentration gradients. This equation has the following form: 

•• -- _ .. 

C/Co • o.s[erfc((X-vt)/sqr(4JtK)) + exp(vX/D) erfc((X+vt)/sqr(4~))] 
wherez v • ave seepage velocity • (KI/P) 

The solution assumes the following conditions: 

1. Saturated, one-dimensional flow. 

2. No reaction between solutes and porous medium. Chloride typically behaves this way. 
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3. Diffusion controlled, i.e., the pore vater velocity is so l~v that mechanical ~ixing is negligible and the dispers~on is equal to the effective diffusion coeffficient. (this condition is satisfied when K< l.~E-07. 
I ran the program using data for the silty clay layer underlying the Allen Park ClayMine/Landfill. The fo1loving values tor the input data were used1 

& "&. ' D • 0.102 ft /yr (6.3E-06 em /feC) (published value for clay tills) K = 0.025 ft/yr (2.5E-08 em/sec) 
X = 30 ft 
p "' 30 " 
I • -0.1,-0.3, and -1.0 

The results of the analysis are shovn in the attached graph. At a counter hydraulic gradient of -0.3 the exit/source solute concentration ratio does not exceed 0.0001 until 7oo·years have elapsed. You may recall that a counter hydraUlic gradient 

.. 

of -0.3 occurs when the leachate is allowed to rise.in the landfill to the ground surfa~e ••• a worst case scenario. For larger ~~~. (negative) counter hydraulic gradients the ratios become even ·~ .~ smaller. In fact for I< -0.5 (i.e., counter hydraUlic gradients ·,• : laroer than 0.5) the ratio C/Co is less than l.OE-05 at all ;. elapsed times. 

These results confirm the findings of my earlier report which were based largely on analogy to solute transport studies in clay aquitards. The present findings are based on analysis of actual soil and site parameters. Keep in mind, also, that the analysis is still quite conservative because it neglects possible adsorption (reaction) of solutes with the clay. 
A copy of the computer program and typical output are enclosed. It is written in BASIC and is designed to be run on a personal computer. If you have any questions about the analysis, please feel free to contact me. 

Sincerely, . 

~~-.D~JA.~ 
Donald H. Gray ~ 
Professor of Civil Engineering 

Encl 
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• :run 
' . ,-.. 

.Porosity: 0.3 
Permeability(ft/y~)l .025 
Diffusion· Coef(ft /yr): 0.102 
Wall Thickness: 30 
Hydraulic Gradient: -0.3 
Time(yn) 1 500 

I .-. 
• 

-------------------------------------------------~----1st Argument(Yl)is& 
lst Error Function is: 
2nd Argument(Y2)is: 

· 2nd Error Function is: 
'Exit/Source Concentration Ratio 

·. 2.975& 
0.9999 
1.22525 
0.9173 

(C/Co)ist 
f 

-------------------------------------------------r-----Continue Calculations (y/n) ? y · 

Time(yrs): 750 

------------------------------------------------------1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is• 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.78685 
0.99979 
0.64312 
0.63658 

(C/Co)is& 

-------------------------------------------------------Continue Calculations (y/n) ? y 

Time(yrs): 1000 
------------------------------------------------------1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2. 72291 
0.99973 
0.24754 
0.27399 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) ? y 

Time(yrs)r 2000 

------------------------------------------------------lst Argument(Yl)is: 
lst Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.80056 
0.9998 
-0.70014 
0 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) ? y 

• 
Time(yrs): 5000 
------------------------------------------------------lst Argument(Yl)is: 
lst Error F~~ction is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

3.43116 
0.99996 
-2.10334 
0 . 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) ? n 

ElE-05 

2.2E-04 
,··· 

3.7E-04 

4.2E-04 

3.3E-04 
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1704 Morton Street 
Ann Arbor, MI 48104 

16 .February 1984 

Mr. David s. Miller 
Mining Properties Department 
Rouge Steel Company 
3001 Miller Road 
Dearborn, MI 48121 

RE: Allen Park Clay Mine/Landfill 

Dear Dave: 

I have reviewed the memorandum dated January 
Terry McNiel, Technical Services Section, to 
Compliance Section, Detroit District, MDNR. 
essentially raises the following objections 
and conclusions in my report, viz., 

23, 1984, from 
Larry Aubuchon, 
The memorandum 

to the findings 

Objection 1. There is no substantiation nor literature cita
tions to show that organics present in the waste will not in-
crease permeability. --

Objection 2. The presence and possible effects of napthalene 
in the waste are disregarded. 

Objection 3. Uncertainties remain about the actual composition 
and likely nature of the leachate. 

Objection 4. The report does not address the question of com
patibility between the following: 

a) Leachate and leachate collection system components 
b) Generated gases and clay cap. 

In the opinion of the MDNR reviewer Objections 1,2,and 3 
taken together mean that Specific Condition 5.A.4 (a) of Act 
64 license is not satisfied. The reviewer goes on to say, 
however, that they (MDNR) would accept compatibility testing 
between actual leachate being generated and the on-site clay 
being used for containment. I will respond herein to these 
stated objections and opinion. Objection 4 which pertains to 
Specific Condition 5.A.4 (b) and (c) is outside the scope and 
original charge of my investigation. 

Objection 1 is a version of the •guilty until proved innocent" 
syndrome. I understand and even sympathize with this approac~ 
in matters which deal with the release of potentially hazardous 
substances into the environment. There is, however, considerable 
substantiation in the published technical literature for the 
contention that organics present in low concentrations in aequous 
leachate will n£1 increase the permeability of dense clays. 
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Leachate permeability tests on sand-clay columns packed to bulk 
densities within the range of densities of natural clays (Cart
wright !l !l·• 1977) have shown that permeability actually 
decreased with passage of leachate (containing organics). These 
tests were continued for periods up to nine months. Decreases 
were even more pronounced for raw, unsterilized leachate. In 
addition to permeability reduction from the passage of leachate, 
Griffin and Shimp (1976) have shown that heavy metal ions (Pb, 
Zn, Cd, Hg) are strongly attenuated by clay. Organics that 
were present in the leachate were only moderately attenuated 
by the clay1 they did not increase hydraulic conductivity. 
We have also conducted long term leachate permeability tests 
ourselves on a silty clay almost identical in composition to 
the clay underlying the Allen Park Clay Mine/Landfill site 
(Gray, 1982) and found the same results, i.e., no increase in 
permeability was observed. A chemical analysis of the leachates 
used in all these permeability tests is attached. Note the 
presence of napthalene in one of the leacnates--a constituent 
whose presence and influence the MDNR reviewer claimed we had 
not considered. [Note: Cited references are listed in an 
attachment to this letter report.! 

It is important to emphasize again the fact that leachate per
meability tests conducted by Anderson (1982) are totaly unrepre
sentative of conditions at the Allen Park site. These tests 
are often cited as an example of the deleterious influence of 
organic solvents on clay liner permeability. Anderson's tests 
are unrepresentative and irrelevant for the following reasons: 

1. He used pure organic solvents. The leachate at the 
Allen Park Clay Mine/Landfill will be an aequous extract 
containing very low concentrations of organics. 

2. He forced the solvents through clays at extremely 
high, positive gradients. Anderson used positive grad
ients ranging from 60 to 300. At the Allen Park site 
there ~11 be negative (reverse) gradients ranging on 
the order of -0.3 (worst case) to -2.7. 

Other objections can also be cited in regard to Anderson's test 
procedures and results. He used a rigid wall permeameter which 
permits channeling between sample and container. The recommended 
procedure to avoid this potential problem is to use a flexible, 
pressurized jacket. Large reported increases in permeability 
should be viewed with some skepticism when rigid wall permea
meters have been employed. 

Green et al. (1981) have investigated in great detail the char
ateristTcs-Df organic solvents that affect their rate of move~e~t 
(permeability) in compacted clay. They measured the equilibri~7. 
permeability of three clays ( a clay shale, a fire clay, and 
kaolinite) to the following solvents: benzene, xylene, carbon 
tetrachloride, trichloroethylene, acetone, methanol, glycerol, 
and water. Their study showed that it is the hydrophilic or 
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hydrophobic nature of the solvent (as measured by the octanol/ 
water partitioning coefficient or roughly by the dielectric 
constant) and not the viscosity/density ratio that is important 
in predicting a solvents rate of flow through clays. According 
to their findings water, which has a high dielectric constant, 
always e~~ibited the highest permeability. In addition, they 
found that the packed clay density is crucial in determining 
how permeable a clay will be to a given solvent. At high bulk 
densities ( on the order of 115 pcf or 1.85 g/cc) the solvent 
characteristics became less important in differentiating per
meability response. 

Green et al. (1981) also observed that solvents of low dielec
tric constant (e.g. xylene and carbon tetrachloride) tended 
to cause shrinkage and cracking of some of the clays. This 
phenomenon, known as syneresis, can and eventually did cause 
an apparent permeability increase in some of the clays that 
were tested. The same phenomenon was reported by Anderson(l982) 
in some of his experiments. It must be emphasized again, 
however, that the effect has only been observed and reported 
when several pore volumes of pure, low-dielectric organic solvents 
are forced at very high gradients through clay columns. These 
conditions simply do not occur at the Allen Park Clay Mine/Land
fill site. 

On the contrary, the conditions at the Allen Park site are ideal 
for effective containment, viz., 

1. The site is underlain by a thick (X~ 25ft) section 
of dense, competent silty clay (; = 115 pcf) w~th 
a very low hydraulic conductivity ( k = 2 x 10- em/sec) 

2. A negative hydraulic gradient exists at the site as 
result of artesian conditions in the underlying aquifer. 
Even under worst case assumptions (viz., leachate levels 
rising to the top of the landfill) a negative gradient 
of -0.3 will still be present. 

3. The leachate consists of very low concentrations of 
organic and inorganic solutes in an aqueous solution 
as opposed to a pure solvent. 

Under these conditions advective transport or hydraulic seepage 
ceases to dominate pollutant movement across a clay barrier 
(see Gilbert and Cherry, 19831 Tallard, 1984). Instead, diffu
sion under chemical concentration gradients becomes more impor
tant, and it is this transport mechanism that must be evaluated 
carefully. I have dealt with this problem both in my original 
report and in my subsequent letter report to Mr. Mark Young, 
Wayne Disposal, Inc., dated 25 September 1983. I showed that 
even under worst case assumptions of no partitioning or attenua
tion of pollutants and minimum, negative hydraulic gradients 
breakthrought times would be on the order of thousands of years. 
Interestingly, if the calculations are repeated allowing the 
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hydraulic conductivity or permeability to double or even triple, 
the breakthrough time increase even more because now the counter 
advective flow is more effective in opposing the downward diffu
sion of solutes along their concentration gradient. 

I come now to the MDNR comments about requiring compatibility 
testing (whatever that means) between actual leachate and the 
clay liner material. Unfortunately, the procedure, rationale, 
etc. for such tests are not specified. What is being required 
••• that the leachate be forced under high hydraulic gradients 
through a thin sample of the silty clay? The results or signi
ficance of such a test would be ambiguous at best and meaning
less at worst in this case. In my opinion, such tests would 
be an exercise in futility and irrelevance given the condition 
and circumstances at the Allen Park Clay Mine/Landfill site. 

Breakthrough times in diffusion controlled transport are 
extremely sensitive to thickness of the barrier. In order 
to replicate conditions in the field at Allen Park, compatibi
lity or flow tests should be run on a sample column 25 feet high 
under a negative gradient no less than -0.3. After a wait time 
of thousands of years such a test would merely confirm what 
is already demonstrable. 

It is my professional opinion that in this instance the require
ment for compatibility testing and concern over permeability 
is a diversion from the real issue which is the likelihood of 
diffusion transport of solute across the clay. I have shown 
that this will not be a problem at the Allen Park Clay Mine/ 
Landfill site because of the thickness, competency, and density 
of the underlying clay together with the existence of a negative 
gradient. 

I find it baffling that MDNR can approve a thin, clay slurry 
wall for a toxic waste site (see Consent Judgment, U.S. District 
Court, u.s. Envl. Protection Agency and The State of Michigan, 
Plaintiffs, vs. Velsicol Chemical Corp., Defendant) based on 
meagre and inadequate evaluation whilst insisting on irrelevant 
tests for a thick, natural clay containment system at Allen 
Park that is ideal in nearly every respect. 

Sincerely, 

ca~"·~ 
Donald H. Gray 
Professor of Civil Engineering 

Attachments 
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ATTACHMENT NO 2 

Table 2. Chemical Analysis of Landfill Leachates 

Analysis 

Na 
K 

Ca 
Mg 

Cu 
Zn 
Pb 
Cd 
Ni 
Bg 
Cr 
Fe 
Mn 
Al 

NH4 
As 
B 
Si 

Cl 
504 
N03 

BC03 

COD 
TOC 
TSS 

pH 
Spec. Cond. (mmhos/cm) 
Equiv. TDS 
Organics: 

organic acids (phenol) 
toluene 
napthalene 
chlorobenzene 

DuPage County 
Landfill-mg/1 

748 
501 

47 
233 

(0.1 
18.8 
4.46 
1. 95 
0.3 
0.0008 

(0.1 
4.2 

(0 .1 
(0.1 

862 
0.11 

29.9 
14.9 

3484 
(0. 1 

1340 

6.9 
10.2 

6528 

0.3 
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'Wayne Disposal 
Landfill-mg/1 

3400 

46 
370 

o.ss 
5.0 
0.91 
0.10 
0.40 
0.010 
0.31 
7.77 

1540 
0.0044 

(0.005 

5800 
200 
(0.1 

6920 

2160 
2500 

512 
7.6 

28.0 
17,920 

3.6 
o. 45 
0.44 
0.008 
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Rouge Steel Company 
Division of Mining Properties 
3001 Miller Road 
P.O. Box 1699 
Dearbor, Mi 48121 

Attention: Mr. David Miller 

June 17, 1982 

Re: Allen Park Clay Mine Seismic Survey 

Dear Mr. Miller: 

EXHIBIT E 

( 

2500 PACKARD fltO .• SUITE 11106 

ANN A.I'IIICIR. MICHICIAN 40104 

As per your request a seismic study was performed at the Allen 
Park Clay Mine area in Allen Park, Michigan. The purpose of this study 

was an attempt to determine the depth to bedrock in the area immediately 

below the excavated pit at the disposal area. 

Keeping consistent with previous seismic work accomplished in 
the a1·ea these stations were numbered 4, 5 and 6. Stations 4 and 5 were 

completed on the excavated pit floor, 4 being on the eastern half and 5 on 

the western side of the pit floor, with station 6 directly to the north of the 

pit up on approximately the existing surface elevation, some 30 to 40 feet 

above the pit floor. Plots of the data collected are included and indicate 

both the velocities of the layers and the depths to the layer interfaces. 

Station 4 resulted in the best data collected at the site, and 
shows a three-layer case. A low velocity (1428 ft/sec) layer is underlain 

by a very consistent layer with a velocity of 5233 ft /sec, extending to a 
depth of 57 feet below t.he pit floor where it is underlain by a much higher 

velocity ( 12, 808 ft /sec) layer. These values are very typical of a dense 

clay layer underlain by a hard limestone type material. The rather good 
fit of the data to a line would indicate very consistent materials, however, 

the irregularities near the 57 foot contact indicate that this interface is not 

as sharp a transition and hence it represents more of a minimum depth to 

this interface. 

At Station 5 area surface topography. was rough and inconsistent 

which resulted in limited data being collected. In one area a very steep 
..- depression was encountered on the surface which the shock wave source 

worked in. This abrupt lowering of the elevation causes a decrease in the 

time it takes to the shock wave to travel through the subsurface. There
fOI·e, the best fit line was drawn through only those points where the shock 

wave source was at the approximate same elevation. Had the elevation been 
c-onsistent, the travel tim!)s for those distances, which were lower, would have 

been increased in the direction towards this line. 
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Station 5 showed approximately the same subsurface conditions as 
dici 11, with a depth to the bedrock being indicated at 70 ~e:~:t below the pit 
floor. Station 6 was .run at a much higher elevation than that of the pit 
fl::;or, and very soft wet surface conditions were found. These types of 
sudace conditions do not allow for seismic shock waves to prop01J3le as 
the rr.aterial tends to absorb much of the energy and transmit this energy 
dit·ectly across the surface rather than down into the earth. This data 
in:.licates again a rather consistent layer with a velocity typical of a dense 
clay. As a rule of thumb, seismic tests measure in depth ···oughly one-third 
the distance from the energy source to the geophone. Using this rule the 
limits of our data would be to a depth of approximately 45 feet for the clay 
layer and would obviously extend until the next layer is encountered. 

We hope that this information is useful to you. If any further 
information on subsurface conditions is needed, it should be noted that 
tllet·e is enough room in the bottom of the excavated pit for an electrical 
resistivity test to be run. The problems caused by surface conditions 
could be avoided and with the large contrast in the subsurface materials 
this test would most likely work well. 

If we can be of any further assistance, please let us know. 

Very truly yours, 

L. M. MILLER & ASSOCIATES 

___..- .. 1 • 1 .• ! 
I /·,~.,;i7.:~' ,·:: 1 .f ·.~·tr, ·,_ 

Timoth{ P. Wilson, Geologist 

TPW:hrh 

Attachments as mentioned above. 
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r~ EXHIBIT F 

( 

MICHIGAN TESTING ENGINEtRS, INC. 

24355 CAPITOL. AVENUE • DETROIT, MICHIGAN 48239 

PHONE: (313) 255-4200 

SOILS EXPLORATIONS AND FOUNDATION ENGINEERING 

MATERIAlS TESTING AND INSPECTION 

IIDN·IlESTRUCTIVE TESTING and MATERIALS EVALUATION 

June 25, 1982 

~li chi gan Uepa rtment of Natura 1 Resources 

Resource Recovery Uivision 

P .0. Box 30028 
Lansing, Michigan 48~09 

Attn: Mr. James Janicz.ek 

Subject: 1\llcn Pat·k Clay ~1ine 

1\llcn l'ark, ~lichil';l11 

Hll:: File 1406-15046 

Gentlemen: 

As requested, we have revie•;ed the above referenced file to determine 

the degree of saturation of the subsoils on the site. 

The following basic soil relationships were used in this revic••: 

\~here: 

s -
wGs 

e 

e = Gs n -1 

s =degree of snturotion (';) 

w • mo'isture content of soil ( \) 

e = void ratio 
Ww = weight of ~;ater 

Ns = wei~ht of solids 

~d = dry unit ~<eight of soil 

G5 • specific gravity of solids 

(assumed to be 2.65 to 2.68) 

Utiliz.'i1ig these procedures, our calculutions indicate the groy silty 

clays on the Allen Park Clay Mine to be 100\ saturated . 



I 

I 

I 

I 



r 1 

~lr. James Janiczek 2 June 25, 1982 

I£ there are any questions, please do not hesitate to call. 

RU/ksb 

cc: D. Miller, Ford ~1otor Company 
W. Tou1yn, Wayne Disposal 

Very truly yours, 

R:lJSldJ~~~~1·~ INC. 

Kandall UeRui ter 
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J6f•'''" "''"'' 
I 1.1 t A• •• A 

IIIII "'" ; ·'" r I 

WILLIAM G Mlll.lkFN Governnr 

f'4tll '' .'II •.: 'II I• 

II"FIIIv 01 WI!UJ t., 

J04.f/ l WQ\1-f. 

DEPARTMENT OF NATURAL RESOURCES 
· HOWA.AO A TANNEFI. Out&IOf 

CMAALES G VOU,mnvt: 

Hr. Harshall Austin 
Hichigan Testing Engineers, Inc. 
24355 Capitol Avenue 
Detroit, Michigan 48239 

November 4, 1901 

RE: Permeability testing of clay soils 
Allen Park Clay Mine; Allen Park, Michigan 
Wayne County 

Dear Marshall: 

D:HIBIT G 
IU'>OUnf:[ n1 COV(I't'<' COWit,ti$$10N 

Ill• •WI A~ I UtI SSIPI(; Jl'1 
., ttrr\1 u ,,, owo ... 

""''' r .. ,.,,,,,/,, 
I'AllllA f/o I I'IP.CI 

C (ntl(!'l ~<I ur 

,I{UIN W \ .I.VI.IA•I 

Cttr wno 1.111 r !=;. 

STitAnT 0 Pt+.Q"''OS 

nN,fFI RASMUSSEN 

JAt.IIES SlORNANT 

MICHAEL l INAUO"''GII1N 

IIIESOUACE P:ECOVEIIIT DIVISION 

ro oor J•lOi'" 

V"'"''·u·, ""' ••"'I'l 

AOMINIS l r\A 1 IOH/ AESOUitCE 

IIIECOV[Irn' SECTION 

StnJ1J o~•o 

111\.,AHNINC SfCTION/ 

H4ZARDOUS WASTE IECTION 

$171373·1818 

GfOLOGT SECTION 

Stt13r3-090r 

Based on the review of the soil tests performed (grain size analysis, 

atterberg limits and permeability) on the clay at the Allen Park Clay 

Hine Landfill, it is the feeling of this office that the materials are 

uniform enough that no further pemeability testing will be required. 

This portion of our evaluation has been satisfied with the information 

submitted. 

If you have any questions, please feel free to call. 

Very truly yours, 

JJ:nm 

cc: Shakir/Bclobraidich 
~lark Young, Wayne Disposal 

:.# wayne County Health Department 
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Inter:!JII Status Groundwater Mon:!. toring Data 

D.lr:l.ng the :f'e.cil:!.ty's :l.n:!.t:!.al year o:f' Interim Status (November 1980 • 

November 1981) 1 a bydrogeolog:!.cal study vas performed on the site which 

included the installation of five monitor weLls in satisfaction of 

Federal and. State regulations. Q,larterly sam:pl!ls were then taken to 

:provide initial be.ckground data, while at the same time additional in-

formation was being obtained to demonstrate that there is no :potential 

for migration of liquid frau the regulated unit to the u:p:permost 

aquifer during the ac:t:!.ve life of the unit. 

Groundwater monitoring data obtained during Interim Status is :proVided 

in Attacl:mlent 16. 'l!le data is grou:ped as follows: 

• EPA Pr:!JIIary Interim Status 

Drinking Water Standards A:p:pendix III :page 212 

Contamination Indicating Parameters :page 221 

Additional Water QWality Parameters :page 226 

...2llA-





Attachment 16 

Wwll: 2-D Down Gr,.dant 

St.auc Fctti1 b 0 D. 17 

Aruntc PHJi 1 <D.ODil 

fl•"'l!.:" ,..,., j ( 0 Ill 

CadA<.UR f'lyil 0 '248 

Ct,rei'H.\IA AQ /1 ( 0 . ill 

Fluonae "'Y J 1 0. 9~1 

Leo~d fitg/1 { 0' 050 

ftl&r c 11r ~ f'HJfl <D.OU02 

Nl.tratf!' f'ly/1 'o . ton 

Selen111R "'~ 11 <O.OOil 

Sll vctr 1'\~ 11 'u D II 

E.ndrln UQ/1 <u.DID2 

llnColinfr liQ/1 ( 0. 814 

MettloJvcn•r u~ll ( 0 . DID 

ToupnP"l' uv/ 1 ( 0 .005 

2,4-» uQil ( 0 . til 

~,4,5-H'ISlhctl ¥Qil (0.001 

R.adlWR pLt/l (5.11 

Gress Alpl\111 pCt/,1-""" <5. 00 

Cre~ft il•u pC&/1 (5.18 

Cohfor"" .. , '' te/teu"'l 2.08 

Cro hrtde AQ/1 151. 

Ir un- A\Jfl <D.IJD 

Harog.tnetoa A<j/l < 0. Ill 

Phen1l11 "g/l 9. 018 

SoduA fltQ/1 Ill. 

Sulr.au AQ/1 1 O'!il. 
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P.ortll'li?1ttr un .. ts 
-------~-

Statl.c F ~~t :.99 01 one. 6B 600. btl 

A run lC I'U.J :' 1 ( 0' 018 'I 0 L I <I 0 u 1 

&u 1 u ~"~ ... ~;~.11 I 0 . t 41 I I . OcU I I 1 u u 

C.adf"i.owf"i Pig /l 0. l2J . 0 u c. <0 .OUJ 

Chrof"illll'l AQ/1 0 . C58 . 01 1 0 . Olo 

fluondi 1'19 /1 u . 600 .~OU 0. ~u u 
,-._ 

Lc.a "'fill 0. e9J 0. OJU (~. 0 1 u 

l'lt:or- ~ ur ~ ~"~Y !l ( 0 0\102 10 . 0 li u;: .: U . Oii11 .. 

Nltt,ate l"'lJ' l I 0 . 010 .010 '" OiO 

~fl :er, lwl'l Pl'-1/l '"· 010 i I 0 I U 'I U I L 

S ~! ver 11'\Qil 0 . 011 0 0,4 I 01.;1:1 

E.ndrln uQ/l ' 0 . I 0 0 " . I 0 U II 1 0 u 

Llndoilfoe uy/1 ( u . 1 01 10. 1 u u II I 0 U 

!'lli!tl'lol~Cher OQ/1 I 0 . 50i I 0 :.uu 10 5 u 0 

TOlo\IH,ene UQ/1 I I 00 (!. 0 u i I . 0 o 

2,4-D uQ/1 I 0. I 01 II . I 0 0 ( •. t u lJ 

2,4,~-TP/SJ.lvu YQ/l (1.0~0 <I. 050 <O.O':iU 

$i: oiCU.I'I P"-1/l ( 5. 00 (5. 0 () 15 0" 

Goas. ~ Alph,a pC1/l <5. 00 {~. 0 IJ (!i. Uu 

Gross ht.Ji pC>Il I 4. 01 1&.00 ~~ . u 0 

Collforf"i &•ct. ce/;IIJI''ll <2. ou \~ . 10 \ ~· .~LI 

Chler1dv I'IIQ/1 171. 170. 1 :'u. 

Ir 011 At.j/l 5' 11 .84U .4:JU 

Mo~n9•ne•w 1'11\1/l 0. Ill I. 023 0. Oc4 

P hltro 0 l 'il f'l'l!/l 0. 004 II OU4 <.' 004 

SodtuR A!jj/l 120' II 0 . 241.1 

SuU'iiU f'l'llll EI'TO. I 0 U 0 . t:lt1LI. 

llf"ilrl' of Eutc:utlen; Ub/18/64 15\U.O &dl l'\ut1 

-213-



I 

I 



Al ii'O Puk Cliy f'hne 

Cr o1md Water /"tonltoru•g o. t. 

OnnklnliJ N.u er •nd Woi!lflf' Qu,il~t' ParoH'It:t~rs 

Well: 5-D Up Gradtli!nt 

D.t~1 v S•~"~P led: 05-0o-82 07-14-82 1 u ·-:: t. -u:.: 
-------------

f'Grllill"'eter Un.tt ~ 

---------

Stene. F ee1 b05. 12 on~. 4:. b64.64 

Mr ..,en lC Pig/ i ( 0 0 1' ('. 0 u i "· 0u1 

b.rlul"t ~Q,"l 0 . OcO <I. u ~·u '" oco 

C ad,..lll"' 11'4\11 1 0. OLic (0 . Li~>J ( 0 0 ;,J 

Chrwl'lllll'l l"'(jj .' 1 ( 0 . Oii~ I. 01o \1. u:..,. 

F 1 uor ; Oli "'9 11 1 '30 1. 0 0 I . 0 1J 

Leec "'": ~ 0 ' 0 1 0 \ 0 . 0 1 ~ I 0,] 

/"t~r.:.ury 1"11] i 1 < 0 . 0 1i U2 0 0 0 D 5 ; 0 (J u u ." 

l'fl t ,. .. t I'" I'H.j/l 0 I 0 .:~u 'i U1' 

Se!frfolv,.. ~'~'d: l ( 0' 01• 'I 0 I 0 <I u : lt 

::. ..... ..,, 1"'1\,1 I 1 0 0~3 " 0Uj 'i L ":. 

Erod:-ln u Q/ ~ ( 0 ' 101 <I. lUU \I ll! u 

Llnco~.ne u~/1 ( 0' 1 0 i ll ' 1 u u il ICC 

r'\etncl~Ln<~r 119/ l ( 0 5LO q. 5o u \0 ~J u ~ 

T111.;,pneilli! UQ.'l < 1 . DO <1 0 II " li u 

2,4-D uQil ( 0 ' 1 01 {1, 100 <I 1 0 0 ; 
2,4,5-TP/Slhlifl 119/l ( 0.150 <1. 05U \ 0 u :..il 

RodliH'I p{. J.ll <2' Dl <5. Ou (';.. ou 

Cross Al~<~h• pC1i 1 <5. 00 (~. Ou ,, Ou 

Groii &~t1.t pC1/ l (4.00 (4 .00 <8 00 

Collforf!l fj • .c.t. et/180Al (2.00 ( 4' 00 •• 00 

ChlorlOtt ,.~I 1 140' ISO. 141.1. 

I r· on ""'ll !. 71 1 .zu ""' 
M•nc;•n••• ,...,; l 0' 021 I. 01 o 0. ulli:l 

Phenoh. "'IJ I 1 ( 0 '004 <I, OU4 (j OU4 

Sed1111"1 Rljf 1 8:>. I BB.U 1 bU. 

Sulfo~.u t'l!fl l 190' 200. 7u ' 

TlM- •• Ea•1.v 111n1: i.lt.flS/84 151 u .u .,, "'~·~ 
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Allf,n Park Cley lhne 

f.round Wolter Monltotlnfii D.ate 

Wllfll; 1 02-li Ouwn Cr aDutnt 

Oo1 tl' Soi"'~ leo; Ob-11-EH 

Un1ts 

Plg/1 ( 0. 0Qii3 

( 0 . 1 01 

< 0 . 01 I 

(f'lr'll'l~llf'l r'49/ 1 < 0 . D I 0 

f'luonde 

( o . n:.~ 

((I.OUO.? 

Sc- 4 ltf. 1 \11'1 <O.OlJJ 

( u . t Iii 

u~.'l { U . It L ii2 

( u 114 

hetr,QI~CtiOr' <D OH 

•Y l t u 0 il5 

2,4-D UQ/l ( 0. 111 

) 
<D. 0 Dl 

R;.d~uA pl..l/1 <5 IC 

Cross A.l.pr •• pC111 (~.h 

~OS'i f.et• <!1.10 

4.00 

131. 

Iron < U . Dli 

< 0 • D II 

Pflen o 1 i < 0. DIS 

SoCiluA I 00. 

Sulf•te 1200. 

TlAI' 11f Euc~t1on: Ob/18/84 1~10.0 1tCIT M:u•1 
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Well: 102-D Down Crilliar.T 

Un11"' 

Stlllttc F~i>t:!t C01.77 ODI.bt: !.911.1~ 

Ar!oer.H. A9:" (0.010 <I.Gi.ll <&.001 

b .. nuA "'~,. -:o.o~ii il.o;;o <l.lUO 

Chr•""•u"" Agtl <0.0~5 .0116 a.ouo 

Flueruh~ Ag/1 1.36 1 Ou 1.00 

Le•c PIQ/l 0.610 (0.010 U:.UIO 

1"1&-rcur~ f"!Jil 10.0002 IG.Ilull.! <U IOU.: 

SelenuA P1~/l <O 010 II 01U d.lllU 

E.ndnn uQtl <0 101 (ii liiiJ <I. lull 

LHldilntc' UQd <0.108 (t.li.IU d lUU 

f'leothu~.:hor ug/1 <O.D~& q,soo <O.~UII 

TDJii~I'IIH•i! VQ/1 <1.00 i1.01J o.l.UU 

2,4-D u911 <0.101 <l.tUO <l.tuo 

lil:ad!lll'l pL1/l <5.U (5.0U ('j.UIJ 

Gross. ilrl• pC1/l <B.It <4.0U <D.811 

Col1for" lto~ct. c.o/t&UI"'l 12.ou (~.ou <t . .:o 

Chhnde A'-111 141. \40. 14U. 

Iren I"'Q/1 0.531 5.10 1 ::u 

Pheflel-. I"'Q/i. \0.004 <t.OIJ4 <I.OU4 

Sodu~ 1"1\111 9~.8 97.0 -'ulL 

Su.f•U AQil 910. ljleQ. EI!U. 
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Well; I 03-D Dowr, Gr41Jltnt 

o. t liP SeAp led: 08-!1-81 

-------------
PoirdAetl!'r lid ts 
---------
Sqt lC F-I'IP1 bU3. ~..! 

Ars,en lC l'ly.'l \O.OOiil 

C:ai"lU,. R9• 1 I 0 . tO~ 

Coal'!llll'l I'IQ : l ( 0 01 ~ 

C:1r Olllllo.tl"' I'IIJ .'1 I 0 . 016 

Flllgnde Fly I l 1. l1 

le.td ,..g; l < u . 053 

Kerc~o~ry rotg/i I 0 . 0 0112 

H1 tre tl? 1'1-J' l ' 0 . I GB 

St-1-.lr. 1111'1 I'HiJ "1 <O.OuOl 

SJ : nr P"'f,jl 1 \c. 818 

End n r, u~/1 10 00~2 

U·1dcne u y /l '· 0 . 004 

1'\~tr.OI)'Chor ~~~/1 ( 0 . 0 I I 

Te1opr.en10. 119 . 1 ' 0 . 005 

2 I 4-D ug/l ( 0. 101 

2,4,5-TPISllweJ UQ/1 ( 0. 081 

Rad llll'l pl.l/l ( 5.11 

Gr or;;5. AlptHI pC1/l <et ... 

Cr o i 5t &era pC1./l (~ .u 
c,hfDrA flu t co/1081'11 <2 .eo 
ChlorldP A<J !) 2~ .• 

Ir 11n fOIQ/1 < 0. OJO 

l'linQifllii• l'l't\/1 < 0 . D I 0 

Phctnoh Pt!f/l (1).085 

Soci111FI "'gil o.ea 

SuHatl' "''.1/l 40.0 

flAW of EJeC¥tlan; Oo/li/84 1510.0 Nt t\Ull 
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AJ l"'n p.,. I Cloiy Mor•• 

~reu1HI w •• 11.,r Aun1 tor 1ny o .. t. 

Dr 1nk 11\Q W<lll ,.,,.. 4(<d We ter Qu.tll1y Per.,.. ... 1 Ill" " 

Wwll; 1 OJ- [• Dawn GrCidl@ld 

D•'e SeAp l1Hl: O':i-Ob-8;;: 07-14-8, l U -~1 D"ll ~· 

-------------
Per oil'le t er Un 1 t" 
---------

ST.iltlC F"tf:'t oLJ 65 b(J 1 . 2j oOI 2, 

Ar se-n lC ~"'Q/1 ( 0 0'1 < 0 . OU I ( 0 U o I 

&.r 1 uA Ft9'1 <O . 02U <1. O~u <I. 2uu 

CoildAl 111"1 ... y;l 0 . 0 Q 7 .O~b ( ~ .OIU 

ChrGAlUA A~ /l o. oa ( i . 0 u 4 <I. (1(1~ 

Fluono• Ay/] I 50 I . OU I . U11 

Le .. a ,..Qil ( 0 . 0 1 0 i I . 0 I 0 \ 0. (; l IJ 

1'\eo,·curll 11HJ / l ( 0 0 u IJ.? I 0. ll u U.? \ 0 . 101.1.:: 

Nur,;te f'ly!l ( 0 OIU O:tU d 0 i ~ 

~e~t-nlul"' l"'i:f:" 1 ( 0 O!i ( i 0 i u ' I (I I U 

S1 her Ft~t/i 0 OIS .OOJ D. Iii!/ 

En or 1r1 u 9/ 1 ( 0 . I Di <I I 0 u II I u U 

LlnC,;neo UQ/1 (0. I 00 'I. IOo <I 1\li.l 

1'\ethuycnor ttQ/1 < 0. 5 ~0 ( 0 . 5tJU ( 0 ~ 0 u 

Touphene vQ/1 <I .ID <I . 0 0 { l . 0 0 

2,4-D uQ/1 ( 0 • I 08 <1. I 0 0 (1, 10u 

2,4,5-H/Sll'<'c.!l uqil " O::iO <1. 0~0 (0 "'' 
f'l.td 1 UA pC.l.'l <2.18 \~.01.1 ( 5. Uu ( 
Cross AlphCi pC1/l <3.08 { ~ ' 0 0 {~. "' 
Groas &tHill pC1/l < 4 .eo {4. ou <b "' 
Collfor,. 8•c t. ce/1 IHif'll 12. DU ( 4 .10 < li •· 
Chlonde AQfl 130. 14U. I JU. 

lr on A~/1 I . II I. 9U u 0. l\1.1 

M<~~n;linet.• Ac.Jil O.G2J I. o1e 0. u >7 

Phenu ... "tQ/l ( u . 0 04 .oo. 11. OU4 

SOdlUI'I FtlJ/l 8. 70 85.0 tou. 

S~.~ll,ne f'UJil 760. 790. 84U. 

Tj.M of £11tCL1tl11n Ob/18/84 1510.0 •Ot MuH 
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I 

I 

I 

I 

I 

I 

I 

I 



D.ato S.e"~.dttd (l~-11-81 

-------------
P.~r,u'letur Un11 It 

---------
St i llC Fvet bl;~. 81 

Ars~<'nlc RC./l <O.OOi3 

ier1u,.. 1"1~/l ,o, IIi 

CaQI'I~ul'l 1"1"'/l '0 . 0 II 

Ctlr Ol'llul'l Pli,J /1 ( 0 . Oli 

F l~o~or lde 1'1(}/l I. 31 

leoHI Myil ( 0 U5U 

Kerc:ury Ay/1 <0.0002 

N11rere ,..~11 ( 0 II G 

S~ltl"lllll'l fllt'jl / 1 ( 0 0 OijJ 

S1: lllfr I"'Q/1 (" 8 II 

End--HI UQ/1 ( 0 0 011 

Llndanli' u y/ 1 (0 0;4 

t'lethwx)'Chor IUj~/1 ( 0 0 I 0 

To 1ephe-ne ugi 1 ( 0 . 005 

2,4-D •ell (0 110 

2,4,5-TP/Sllucn UQ/1 (8. 0 01 

lhd:.ul"' pll!l ( 5 .II 

Gr osi Alpha pCt/1 (5' 10 

Gre~i ~et.a pCt/1 (~' 00 

Cel.1.fe,.,, &.act. ca/10Uf'lll 4.01 

Chlmrtae "1111 148' 

Iron "'"'1 (U '130 

K•tH}Gneie Plljl/ l 0 . Obi 

Phonoli Ag/1 ( 0 . to~ 

SodluA ,..Q/1 !GO. 

Sulf111te Ay/1 1 350. 





W&ll: \04-D Down Grac1~n1 

D•te s .... ph·d 0~-0o-8.1 o:•-14-82 II 2t.-ij.· 

-------------
Pi!r.u"~"' UnJ.t » 
---------

Stet lC Fit•t 01.:4. 3~ ••• 3c "" 1.· 

Ars.~n H. ~"~'1 / 1 '0 . 0 0 I (I . 0 I 0 '8 UUI 

~anu"' "'Yfl ' ~ . a 4~ ( & . o:.:u < I lOu 

Co~di'HU/"1 "''i /1 D. 0 1 0 (ij, ou~ i 0. UUj 

Chrtii!H-.1'1 Atj/} ( 0 . 0 ~!. 0 I ;• 0 i.l 

Fhor 1d~ l'i'i!/1 I . 00 .900 1. {JI.I 

Leild "'~/1 ( 0 Otil 11. 0 I U I 0" u 

Me-rcury "ltl / 1 <0.0~02 <I au.: < ~. 0 u u. 

tutroloTe A<.Jfl ( 0 . 010 .2JO 8. 2~u 

Sel•nlvl'l 1'1!,/ J ( 0 . 0 II I 01 0 \ii. '" 
SJ. j, ~er ~"~lil/l 0 0 09 604 01. 

Ena.·1n ~~~ /1 '0 . I Gil ( 8 IOU ( i 1 u' 
Llnd•n~ i.IQ/1 (0. I 00 (I I (j II (I 1 u u 

1'\t;-thGlfCh~r ug/ l ( 0. 50~ '0 SuO ' 0 .sou 

T~l<l;Jr'!ene Ulj I l < I . II (1. 0 0 < 1 . G II 

214-0 uq/1 < 0 . 1 Dl <1.100 <1. 1 0 u 

2 1 4,~-TP/Slhex ugil <1. a~o <I 050 \0. 0 :..o 

Kaalul'l pC1/l <5.10 <5. ou (5. 00 

Grois Alpha pC1/l <3.00 (3 .00 ~~ 00 

Gre;s lieu pC1/l (4.00 (4. eu 11 '0 

Col1hrl'l D.tc1. co/lOOr1l (2.08 &. 00 9. 20 

Chlonde AQ/1 150. 1bO. 14U 

lr on 1"1\111 4.31 9.~. ~<.0 

M•n;•nese I'IQ/ l 0 . Obi I o•~ I. 1 0 0 

Pheno h AQJl (0 . 0 04 <a.Ou< <I 0 u. 

Sod1u"' AQil 1 u 0. &9.0 210. 

SuH'ia AQ/1 1200. 1300' 120(!. 
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Attachment 16 

Table 2 

& a Well ieckg~ounct Sa~pltng Data *a 

Date So~pled: OS-10-81 05-0c-82 07-14-82 10-2b-B2 

Pare~eter Unit$ 

Static Feet cOO.!>? 599.01 600.68 60 0 . 68 

pHI 7.70 6.91 7.75 8.70 
pH2 7.90 b.95 7.7& 8.70 
pH3 e.oo 7.01 ?.73 8.70 
pH4 8. 0 0 7. 09 ?.7b 8.70 
NuAber of SeP~plE-S ~ 4 ~ 4 
t'letln Value 7.90 b 99 1.7~ 9.70 
v~u· 1 a nee 2.0UE-02 o.13E-03 2.00£-04 O.OOE+OO 

Sp.C•ndl Uf'llhOSICf'\ 2500. 2::·9""; . 3054. 22~.1,. 

Sp. Cond2 uf'\hooa/c"' 2200. 20E:~ •. 2983. 2244. 
sa, tondJ .. Y.f'\hiiJtM ZHO. 2167. 2980. 2252. 
Sp .c(ind4 Ul"lh\1~/(1'\ :~2 0 G 2127. 2~7~J 2250. 

Nu"'ber of Sal"'p l es 4 4 4 4 

tte•r• Value 2325.0 2173.5 2973.0 2250.5 
Voir lance Z.2:>E+04 6 .31E+G3 !i.4~E.+03 2.50£+01 

TOC! ~g!l ?.70 20 .0 3.00 1-=j ' 0 

TOC2 f"IQ/ 1 7.00 20 .0 5. 0 0 20.0 
TOC3 MQ/1 7.70 19.0 ~~. 00 17' 0 
TOC4 1'\g/1 7.60 19.0 ~.00 16. 0 
Nuf'\ber of S~HIIP les 4 4 4 4 

l'tean V<ilue 7.~0 19.!JO 4.50 17.00 
Variance 1.!3E-OI 3 .33E-OI I.OOE+OO 4.b7E.+OO 

TOXI f'\Q/1 ( 0 . 0 0~ 0' 012 0.029 0 . 0 I 0 
TOX2 .. g/1 (0 .005 0 '0 1 b 0.033 0.017 
TOX3 .. q!l (0.00~ 0.015 0.04b o.o?a 
TOX4 1'\Q/l ( 0 . 0 05 0.014 0.02? 0.038 
Nu,..ber of S&f'lple-. ~ 4 4 4 

Mean Value 0 '00~ 0.014 0.034 0.023 

V41"iance O.OOE+OO 2.92£-0b 7.29E-05 1.46E-04 

Suf'll"'ary of &ac ln~r-o und Data 

ParAP~eter Mean Valu• V.ari~nce Nuf'lber If S~U'IiP le'i 

--------- ---------- -------- -----------------
pH: 7.84 J.'IBE-01 tl. 

Sp.Cend: 2430.5 1. t '5E+05 16> 

TOC: 12. 13 4 .33E+01 16 

TOX: 0.019 .b4(-04 to 

TiMe of Ewocut1on: 02121/83 0730 .2 e<t loied 
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Table 2 (Cont.) 

Ground Water Man1tOr1ng Data 

Well~ 102-D Cown GraD1ent 

Date Sa~Pl•d: 08-10-St 05-00-82 07-14-82 10-26-82 

Static 

pHI 
pH2 
pH3 
pH4 

Feet 

Nu~ber aT Sa~ples 
f'\ean Velue 
V•r1ance 

Sp.Condt uMho~/c~ 

Sp.Cond2 u~ho$/CM 

Sp.Cono3 UMho~/c~ 

Sp.Cond4 u~ha~/c~ 

Nu~ber of SaMples 
Meen Vilue 
Var ta.r.ce 

TOCt ~q/1 

TOC2 ~q/1 

TOC3 "q/1 
TOC4 Mg II 
Nul"\ber of SiMPle~ 
t"'ean Value 
Var1ance 

TOX\ l'g/1 
TOX2 Mg/l 
TOX3 Mq/l 
TOX4 "Q 11 
Nuftber of SaMples 
"••n Value 
VAriance 

ParaMeter 

---------
pH: 

Sp.Cond: 

TOC: 

Tox, 

b03.22 

8.40 

I 
8.40 

O.OOl+UO 

2'500. 

I 
250G.O 

O.OOE+OO 

5.b0 

5.00 
O.OOE+OO 

0. 0 08 

I 
0.008 

Q.ODE+OO 

SUAI"\tU' v of 

f\ean Value 
----------

7.79 

2&46.0 

\5.51 

O.C12 

60 I . 77 

7.30 
?.30 
?.30 
7.30 

4 
7.30 

6.36E-07 

299:1 . 
2997. 
2973. 
294110. 

4 
2975.8 

6.7BE+02 

9.00 
t 2. 0 
II . 0 
13.0 

11 . 25 
2 '92£+00 

0.011 
0. 006 
0. 006 
0.007 

4 
0.008 

5.&7E-OO 

601.1>8 

7.20 
7.~0 
?.20 
7.30 

4 
7.22 

2.50E-03 

25;-'4. 
2&64. 
20~1 . 
2&30. 

4 
21>17.3 

4. 06<+03 

21 . 0 
1~.0 

17.0 
19.0 

4 
18.00 

6.67E+DO 

0.035 
0.010 
0.010 
0.010 

4 
0.016 

t.56E-04 

599' 15 

8.70 
8.?0 
8.70 
8.70 

4 
8.70 

O.OOE+OO 

239?. 
2398. 
23~8. 
2378. 

4 
2381 . ~ 

3.16£+02 

lb.O 
~·.'--1 . 0 
23.0 
16,0 

4 
19.75 

1.89E+OI 

0.015 
(0.010 

0.016 
0.013 

4 
0.014 

?.ODE-06 

Bockqround Data 

Variance Nufli\ber of S,H'IP les 
-------- -----------------
4.94E-01 t3 

6.29E+04 13 

2.94E+01 13 

5.7tE-05 13 

TiAe of E•ecution: 12/23/BJ 0730.2 e~t W~d 
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Table 2 (Cont.) 

• • Well &ackQround s~~Pltnq D~ta « • 

Date SaMpled: 08-10-81 OS-06-8? 07-14-82 !0-26-82 

Static Feet 603.~2 &03.&5 601.23 6 01 . 20 

pHI 8.60 7.02 ?.'i'O 8.70 
pH2 ?.09 7.70 8.70 
pH3 7. 11 7.70 8.70 
pH4 7. 12 7.70 8.70 
Huf'llber of Sa"'ple'i 4 4 4 
"'ean Value 8 60 7. 09 7.70 8.70 
Varl•nc:• 0 .OCJf•OO 2 .OC\l-!l3 O.OOF+OO 0. OUE+OO 

Sp.C:ondl Uf"'hO~/CI"I 300. 2t.::r•, 2441 . ?352. 
Sp.Cond2 Uf"'hos/cR ;.:!_ f (\·, . 2468. 23(18, 
Sp.Cond1 u'"'r.us/cPl 2~J83. 24~0. 229·1. 
Sp. Cono4 u~~~~s/c,.. 2616. 2438. 2288. 
Nuf"'ber of StiP'Iples 1 • 4 4 
Mea;, Votlue 30 G. 0 .2b0h.3 2449.3 2310.~· 
Var1ance 0 .OOE+OO 2.9bE+02 1.82£+02 8 .36F+U2 

1 OC1 ""'l 5.60 4.00 12. G 2~1' 0 
TOC2 Mg/1 5. 00 14 .0 c'l . o 
TOC3 .. q/1 6.00 14.0 ~.}2 .0 
TOC4 I'I.Q/1 6.00 9.00 21 .0 
NuAber- of Sal"lples 4 4 4 
l'lein Value ~ •. 60 ~ ~· • ~ -.J 12.25 22. ~,u 
Var1ance O.OOE.•OO 9.17E-01 5.58E+OO • .67<+00 -------- ---- -- ----------- ·-·-·-TOn f'\~/1 u. o~·s· { 0 '(J ll5 0 . u 1 0 0.010 
TOX2 "'~/l <O .005 0.054 0.010 
TOX3 "9 II { 0 '0 05 0.0\0 0. 014 
TOX4 "911 ( 0 .005 0.010 (0.010 
Nul'!b&P" of S,u•p les 1 4 4 4 
l"'ean Vtilue 0.029 0.005 0.021 0 . 011 
VtJriance 0 .OOHOO 0.00£+00 4 .84£-04 4. OOF-Oc 

Su"'".,..~ of Backgroun!l D.ata 

Para"'eter Mean V•lue V•r1•nce NUAbPr of Sal"'plei 
--------- ---------- -------- -----------------

pH' 7.89 4.89£-01 13 

Sp.Cond: 2~89.5 3.72f'•05 13 

TOt: t 2 '7.- 5.78£•01 13 

TCX 0. OH \ S"E-04 \ 3 
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Ta!\le 2 (Cont.) 

Wall: 104-D Do~n Grad1ent 

Stat1c Feet bO 3. 81 604.3:' 60-4.32 1>04.12 

pHI 8. 00 6.89 7.70 8.30 

pH2 &.90 7.68 8.20 

pH3 &.91 7.1>8 8.20 

pH~ b.90 7.1>7 8.20 

Nuf"ber ... SaMples I ~ 4 4 

P'\ear. Value 8. 0 0 6.90 7.68 8.23 

Vari.ar.c~ 0.00~+00 b.blE-05 1.58F-04 2.50E-1l3 

Sp, Cor.d 1 U"'I":OS./Cf'\ 25~.i0. 1980. 2817, 2o98. 

Sp.Cond2 Ul"'.~oU<SICI"'l 1 ~r·~:.o. 2f.l8~. 286~. 

Sp. Con~13 UP'II"oOS./Cf'l 1980. 28H~,. 2838. 

Sp. Cor.d4 Uf'lhOC:./Cf'l 19~~0' 2852. 2EI71 . 

NuMber of Sal"'ples. I 4 4 4 

MEdr1 V•lue 2550 '0 1900. 0 2859 6 28.':>7' 3 

Var1ance O.OUE+UO S.OOE+02 1. 05E•03 b.14f+02 

TOC I t<g/l 6.60 7. 0 0 6. 0 0 11 . 0 

TOC2 ~<g!l 10.0 12. 0 1~.0 

TOC3 "'Ci I 1 8.00 14.0 1 0 . 0 

TOC4 trtQ/1 8. 0 ~ 12' 0 12 ' 0 

Nuf'l.ber cf Soif"'ples I • 4 4 

f'\ean Vilue 6.60 8.25 11 . 0 0 12.00 

Vart•nc.e O.ODE+OO 1. !.SE+UO 1.20E+Ot 4.67E+OO 

TOX1 .. g/l < 0 . 0 OS <0.005 0. 01 0 0.0:?4 

TOX2 .. q/l ( u '0 05 0.024 0. 018 

TOX3 "q/l <0.005 0.010 0.010 

TOX4 "Q/l <O .005 0.048 0.020 

Nu"'ber of StU'IP las 1 • ~ 4 

Ptear. Vtllue 0.005 0.00~ 0.023 0.018 

V•ri•nce O.OOE+OO 0 .OOE•OO 3.21E-04 3. 47E-05 

Su,.."'ary of l3oicll:qround Data 

Par..tAeter Mean Value Variance Nuf'!lber· of S .• if'\P 1 fii'S 

--------- ---------- -------- -----------------
pK: ?.63 3.09E-01 13 

Sp.Cond: 2~01.4 1.82F•O~ 13 

TOC: \ 0. 12 B .20l<OO 13 

TOX.t 0.0\":j .!.~E.-0~ 13 

TlMe of Execut1on~ 82/23/83 0730.2 est Wed 
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( 

Table 2 (Cont. ) 

Allen Park Clay Mine 

Ground Water Monitoring Data 

Contamination Indicating Parameters 

Well: 5-D Up Gradient 

3.o~~1u; f~re't ous. '' SIS . .i.: .. 5.45 0U4.i4 
t.l rii ?.Oi 7,.3'=: 

'(' ~" 1 u . .; u,;,;: 
7 .2& ·,';;. 0 IC.2 ..~n3 . 31 i .07 1L.2 

~"" i.:i.: I .Oil !I.Z "•"''""'r of ~cllflfLJ .l.&'lo 4 4 • htro~li v .. : .. T.t..U 7 . .:.. 7.:-~ 11 '2i \.1•1 ••IH.-11 t.i:~;-Oii 3. ;iSt:-Y 4 ;.iS~-u~ i.Ci·~:·~O 

s.. .:outl ~Rn o•i t.R :~~~. 2 i ,w . !Y9iJ. 17a::. ~;. . C>i;,.:;..; 1/A/111./t." 2 i W1. 1,.11:. i.~ .. j . =.J . :, "c.3 IAilOfl,/;.1'1 2!2~. i13.,., ~ 7;1 S~: . !.1n<;cl v~.v ... /t.R :: l 0 Q. iT~-: ii~-:ti:III:.J~i ,; :,c~""a• 4 • • hlf•l• >JGi.~o~e ,.,..;..;; '0 
~I"'' ·• i ;:;0 li~;.G &::, • .;.;, .J -: ... r l41<Ca I ~~:.-Ui t. n~·~;;, T . .:,~;_ ... ~~ I. 1 iE ""~J 

;e;:.1 l't~il :..iii b' u ~ 2i 'u Zl . I r ::l· .. .: ... ~.:~ ~ .wo ltl. u ~0 . I j~;:_,) ~rtq/~ ' . ilL ltl.tJ '. i:ir -; :.4-4 R~/l • . iiU ;:~. ,J ~,:. . I :'111'1 ... &1 of ~ ..... l.~• i 4 4 4 ra.-•··· V.al~;tt 9. 10 s.;.:.; t= . .::... a.:-s ~., ~illtt.• • .lijc,'l' ~· 3.2~-0t ' . ZSC.•UD 9.03i:.•&i l 

"' 
1:;.;. ~il J.liiC • '164 i . 121 rc:...::. ...... l 0. II£ i.iiJO: .... ~ Hill "'~'.t D. 1;9 I. I<'' I. U25 TID:4 Mf;/;,. u. IUS G.Dd, D. 'Z2 ft•,..4cr •• s ... u:z.e~ 0 4 4 4 "-•n Udu uuo I. O;)i 1. no V•,.ueu:e 2. 9'-t. -it. :;.4it.-&4 7 .OYt.•i;; 

s ... "'•rv •• D•tiQI'Cii'IIIO D•t• 

,.,..,...",. ttr.•u !.i•ln Van.cUlC.II ........ ,. •• hF~Bltl ---- ---- ----.. -----
pri: il.~ 1 .&4t.•U il 

s.. .C11nC; 192!.1 3 I 1 t. .... li 4 IJ 

i ~i..; i 4. oY 7. •L :.·~: i.J 

~ o;.. : i,!,ij.: ... 2. ,-",:,.~ ;/ 41 ;.: 
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WeU: 2-D Duwn Cro~dlwnl 

Units 

Stattc Feet 

Iron "'~' l 

Chlond.. AQ/1 

pH 

pH 3 

OM 4 

TOC 

TOC 2 

TOe 3 

roc 4 

C.dc lUA 

Phttneh 

Lud 

"'" 'l 

"''ll 

IU)/1 

AQ/1 

AQ/1 

b 0 D. b7 

IU OlD 

150 

1 05Q 

;:500, 

2400. 

2.200' 

2200. 

7.70 

8.08 

7. 9D 

8. DO 

7.70 

7 .II 

776 

208. 

Ill. 

1 "'. 

zoo. 

I. SOD 

( 0.190 

8.002 

0. 018 

( 0. 811 

( 0. 050 

Attachment 16 
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Allk'n P•rk Cl•l" thn~ 

Crewud Weter Plon1 tor 1ng Cede 

Addltien•l Wo~ter Quhty f'o11ro~~A1t1t:<r-: 

lillell: 2~D Down Credtc-nt 

D., t"' SeAp hd; O!.Qoo-a:-: 07-14-6~ 1 U-2(dl~ 

-------------
P .. reAeter Un1til 
-~-------

St.nc Feet 599' 01 bOO, C.8 t~OI.i. bi:J 

COD f"'ljld 

Ir en 1'\Q/l ~' 1& D. 84u 0. 4:.U 

CrdGnd~ AQ/1 150' 17ll 170' 

Sulfea f'h:ltl 1 0~0. HOO. bblJ. 

Sp. Cona~c: unc.e Uf'HlUlofCR 2295. 30:04. ..,.,. ..... ..~c.. 

Sp. Conductent.e UI'HI"i 1tl"l 2085. 29a3. .20:44. 

Sp. Conil~<tto~nc.e Ul'lhGS.fi:A 2187, 2ift:HJ. ~...:~..: 

Sp Concuc: unc.e wf'ln o ill.:. A 1::127. 2~7~' 2:.::-u 

•" b '9! 7. 7~ 8 '/ij 

pH 2 •• 95 7. 70 8 "/II 

•" 3 7, OJ 7. 73 a " 
pH 4 7' 09 7.7b 6.70 

TOC ,..IJ!l 20 •• l. o a ):'), 

TOC 2 Mgll 20 .I 5. ou ::o. 

:cc ~ ~ •. 1 ~7 .~ .. o. L.IO 

TOC 4 f!IQ/1 !9.0 5. DO I b. 0 

Celclu/'1 f'IQ/l 

SodHIA "911 120' 110' 241i. 

~gr.eiUtf"' "'~' 1 

is1cerbon•te AQ/1 

AAADOlG-Nltrogen •911 

Nttrogen-Nttr•te •gil ( 0.010 1.810 ( 0 , 0 I 0 

th t r o;•n·toh trite AQ/} 

Phenels •g/1 0' 004 <1.004 <I. 0 0 4 

Chrtf"'lllfll AQ/1 0. 051 1.010 I 0 I b 

Ctldf'll UA ~g/1 0.023 I. OOb ( 0 .DOl 

Le•d ,..q/1 0' 093 I. OJO <0. 0 I 0 

H•p thelene AQ/1 

T1111e of E••cvtun: SC/19/S._ 1140 .3 od' Tvo 





tsell: 2-li Down Crad1ctnt 

s t <iltlC. Feet 

COD P'ly/ l 

Iron RQil 

S11lf•t~~" ,r~Q.tl 

Sp. Condwc tence llo"'t1oa/c"' 

Sp. Conouct40C~ URho~/c"' 

pH 

pri .; 

oH 3 

pH 4 

TOC 

TOC 2 

1 u.: J 

TOC 4 

Celoul"' 

SOdlUI"' 

Ph&noli 

ChtOI'IlUFI 

leed 

""'' l 
RQ/l 

oO~ ?4 oCO.a7 

1 1'. 

1 .,..~. 

121 II 

2700 . 

2o00 

2wOU. 

2b0U . 

"'. 4G 

7 40 

7 ~0 

7.00 

31. 0 

32.0 

340. 

120' 

23~. 

350. 

l. I 0 

1.140 

<&.0.20 

< o . o;.:o 

Tu<tw of Euc:utl&O; Ot.,'l9/84 1140.3 edl l~o~t: -228-





~ll: 2-[.1 Dowr. (;radunt 

Un11.., 

Fthl 

COt· ltl 

I r en 3 .ll 

... /l , 70 . 

"'~·'1 20GD. 

2•~0. 

pH '.ldl 

• 

TUC Ill 

roc 2 

roc .:- '"~. l. 

TOC 4 

211. 

Ill. 

1 Si 

""/ 1 l2lt. 

• 63< 

(1.120 

8.021 

Ptumeh .. /1 

( 0 . 121 

L .. d RQ/l 

Tuw af Eaec.vtllr•. hi\S/94 IUJ.O l'd1 fn -229-





Well: 5-l) Up Gr.dunt 

Parc,.uner lin 11 11o 

St<itlc. fet't 

3.80 

\ D . OJU 

1 ::e. 

t~:.o. 

~.bO 

pi1 3 

pH 4 

TOC 9 8Q 

TOC 2 

roc • AQ/1 

11.1 

SodlUf'i 180. 

"'il /l 1 bl' 

b'l5' 

Q' 300 

<0.002 

i 0. I OG 

Phenols. 0. 021 

i 0. Oil 

Cidflil Ul't ( 0. 020 

0 , BSO 

Tlflie of Execunon~ 06/19i84 1140 . .'.~ edt Tue 





D• ht So~Ap hd: 05-0o-8;: 07-14-&2 I U -:o-b .. ~ 

Fv1111 b05. 12 .!:105 45 t-04. 1:14 

COD 
""' 1 

t . 70 1. 2U 0 SOu 

140. t 50. 1411. 

I 90. 7L.O 

2100' 178':1. 

21 09' 1918. lEIOu. 

S~. Condvctance uMhos/c~ 2121 . 1937 17Y i 

21 GO. 1954. 

7 32 7.44 10.2 

pH 2 7.28 7.~0 10. 2 

prl l 7.31 7.67 I& 2 

pH 4 ?.32 7. DO 10.2 

TOC ~q/l 21. 0 21.0 

TOC 2 s. oe 18. 0 20. 0 

rc.:. 3 ~. oc 1 J ~ ' 0 u 

TOC 4 •. II 20.0 33.0 

Calc 1 ul'l 

1'\Q/1 85.1 8G 0 180 

I. 810 G. 250 ( 0 . 0 1 u 

< o. oo; <1.004 { •. 0 u 4 

Ctu· IIAl.uPI ( 0. 00~ I. 0 I b I . o 1 9 

0. DOG <I.OOJ (I 0 0 3 

L1tad 0. Oli ( 0. 818 

Holpthalwne AQ/1 

THift of' Eucu11on: 00.'19/94 1040.3 edt lu~t 
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Allen Pork Cl.ty Ktne 

Well; 5-D Up Cradunf 

Fewt bO 4. 24 605. 44 

coo 1'1~/l 27.6 

Iron ,..~/1 1. :o 

Chlor1oe ftg!l la(l. 

Sulf•te ft'ij '1 l"'iJ 

toO G. 

Sp. Conducr•nc~ ul'lhos/tR 1600. 

160~' 

166 u ' 

pN 6.10 

prt 2 a. o; 

P" 3 a au 

pN 4 

roc RQ/l 7. Ub 

T OC 2 I I . 6 

TOC 4 8. DO 

3o o 

~oa l ul'l II 0. 

240. 

og/1 oDD. 

I. B3U 

a. 1120 

(.' 020 

Phench 

Chl'Of'llVI'I ( 0' 020 

Le•a 0' IDD 

Tuut ef Eu,cutun: 06/19/84 1141 3 "dt Tue 





t;•1e S•MPl•u. 04-1?-84 

---0-----·---
Pc~ra .... et,.,r lJnttlio 

---------
Stot H r- ... , ~03.93 

COL MQ 1 1 (. ., 
lrer. I'll\/ 1 0. II I 

Cl'llendw "~ /l 150. 

!:lvlht• My I I Jti 

Sp. Cenc~.~c,•nce 1;11'\ht!o/ l .... 170 0 

~~ Cornllll!: lotr.ce 1,1 Ptl• t .. I" fill 

s, C•nc ... ~.l.nt.e u ... r. i .. 1 ,,. 

s~ Cone..,, Totno:.lf •flil\la/.;,o~~ 

... 
•• z 

'" 3 

... • 
TOC 1'\lf/l 3 il 

TOC ' M(fll 

ro; 3 ... il 

TOl • "911 

C•la•" "~t~ll t 1.1 

Sed:.uA "'911 t II. 

t'\.tij;"'ei! •" RQII 101. 

llCc~rbeno~~U RQII 4~0. 

I.UO 

N1 tr IQftn-N 1 tr cl ttt RQ I l 

lth11"tQI'f'l-thtrlte "'ttll <I. 120 

Phenoh ~ll 

Chrti'IHIA OOQ/l ( 0 . 121 

CCI41'1UIFI "'Ill 

lttlllld ~/I 

Niptnclle•ne A911 

&bll5.:U 191.3 n edt ft·t 





Alli-n Park Cl.ay M1n1--

Well: 7-D Down Grt~~:lunt 

~':"1. 11 

COv 1. 90 

11" en G . OlD 

Chlondc- 150. 

1 3D D. 

Sp Cer.ductan[e u~haiiCA 2250. 

pn 10 0 

pH 2 

pl'i 3 

pn 4 

TOC ~Q/1 7. II 

TOC 2 ~g i 1 

L. • 

TOC 4 

371. 

Sed 111,.. 128. 

24.8 

0.0001 

8.758 

JihlrOQitn-futrau fUi}/1 D. 1 DO 

0.002 

~hen ell 0. 023 

Chr o•n"" f'IIQ/1 0 ' 011 

ru;.~ I 1 0. 021 

u ' 050 

Nap thelene AQil 





Wtll: 7-D Down Cr,uhen 1 

»•to S.tRphd: 05-00-82 07-14-82 ll-2o--82 

s t.1l t l c Feet 5b'f. bG 

coo 200. lbO. 2cU, 

3. 30 20.0 

en lor u:1~ 1 6 ~ . 14U 

l'lg/l 8~0. 1 0 0 0 . 

Sp Cond~ct•nce uAhoiiCPI !BOO. 2ocA. 

Sp. Conduct•nce UAho§ICPI 

Sp. ConQuCtilnce VP~hoi/CPI 

pH I u I 

pH 2 

DH 3 

pH 4 

roc as. a 31.0 

TOC 2 

TGC 3 PIQ/1 

roc 4 

271. 

Sodtuf'll 200. 

f'\•QneiJ.uf'll 4~ .• 

oq/1 3~ .• 

o.o3u 

O.OBU 

0. O~LI 

Ph&neh 

0. 02& 

0' .uo 

hAs ef Ex!iCVllon: Oo/1'1/84 li4C 3 tilt TUit 
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Allen Pari Clot)! l'hne 

.Ground Water "anttor1n9 Date 

Aod1t1anel Water Qyellty PareAet@rs 

O.tte S.aApled: Ob-24-83 

l.Jn 1 t li 

Stet1c. Fut 592.05 

COD AQ/1 t bO, 

Iran FIQ/l 14 .I 

Chlonae "'g/1 I 80. 

Sulfate I'IQ/1 l I bO. 

220iJ. 

2200 

220U. 

2200. 

10.6 

pM 2 10.8 

pH 3 JI.B 

pH 4 II. 8 

TOC I l'lg/1 49.0 

TOC 2 28 ll 

TOC 4 

l"'g/1 451. 

SlldlUI'I J so. 

J 8 •• 

40 I 

0.940 

0.040 

( 0' 0~0 

Phenol'i 

( 0 . 021 

Ciidfltl UFI 

LIUd J 10 

hf'le of £ucut1on: QD/19/84 11·.+0.3 edt Tve 
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,.,lit s.~~~~~ l•d u-11-a• 
.. ~~----------

p., .. ,... fl!'r' Unlta 

---------
5 ,., 10: f •• 1 Sl'Z .ea 

co" A'sifl 130. 

lren "'" ll o.sJn 

Cl'llonll-.· AQ;J lol 

Swlf .t t~:- A~/) 2~110. 

Sp. Cendect•nce '"'tu~o/c" ~40 0. 

Sp Cenl:luc to~nc:e v"'r'"" ''""' 

Sp. Conchc unce loiPihlllo'C.~"~ 

Sp. Cond~;H.l•nc• Ul'tdl.til!'l 

... 
"' -
pH l 

pH 4 

TOC ~"~9 '1 35 0 

TQC 2 A\)/ 1 

TOC 3 "~ ·"1 

roc • PtQ / 1 

Calc lloll'l A~/l :!&8. 

Secl1.v,.. A91l 111. 

"•;nes.1u111 "''ll 15.1 

illcerbon•t~t to~~ II I DOUI 

AlrtAOf'l U-fll tretttr, A~IJ •. 901 

H1 ~r•Qctn-fh tr•u "''ll <I. 0~0 

lhtreg~rn-thtl"lta "'ii/1 e.ozo 

Pl'laneh o~/1 

Ch.rtl'lllull ftQ /l (0.121 

C.tdf'llwl'l AQJl 

La•d 0411 

N•pttulen• AQ/l 
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(;rouud Watl'r fhnttof'HIQ Dau 

Wwll: 10-D Down Cru.~.ent 

Do~te· SeMplod: 09·11·81 

-------------
Po~raPI&tt>r Un111t 

---------
StoltlC. Fe-et bU1 .81 

COD M~/l 7. 00 

Iron f'IQ/l 0 '24¥ 

Chlllr 10~ l'ly/l 1 ~0' 

Sulfate Ft(J J 1 21 0 0 . 

Sp. Concuctanca Ul"''hO!o/CI"' 300 0. 

Sp. Conducto1nce IIRhO"/(A 

So. Conductince Ul'lhll•/cM 

So. Cof"lduc: t•nc.e UIAihOSICI'I 

pH 7.BU 

pH 2 ., 3 

pH 4 

TOC RQ/1 7 .eo 

TOC 2 f'Hjl/ 1 

TQC 3 " l'lld' .. 

TOC 4 llltjli 1 

Celou" I'HJ/1 371. 

5Cd1UI"' 1"1Qil Vi .I 

"'•gneu Ul'l •QII 206. 

Etlco~~rbon•lt •Q/1 2<5. 

Af'IRtn u-th tr OQ&fl og/1 0 '500 

Hltroqen-Nltrata ·~/I < 0, 1 Oi 

NltroQ~n-Nltrltt FtQ/l 0.002 

Phenoli ·~/1 0. 109 

Chr oAuM •Qif 0. 011 

Ct~di"'J.UI'I ~~~~/1 0 '02t 

Lead ,..~fl 0. 051 

Ho1p t h•l•ne RQ/1 

Tll'le tf Euc.unon: Otdl9/84 1140.3 ttdl Tvw -238-




